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Army-Navy Award for 
Excellence in Production 


Gauging strands for uniformity and accuracy of size 


THE suture requirements of our government and our allies 
have, during the past year, reached almost unbelievable 
proportions. 

e Our ability to meet the resultant demand promptly and 
without disrupting our distribution for civilian needs is 
owed, largely, to the profession and its institutions. 

e Their confidence and support through the years has 
fostered the development of an organization highly skilled 
in its specialty, yet geared to large scale production and 
experienced in the technic of expansion. 


e Typical of this organization, its people and its facilities 


are the illustrations here presented. 


DAVIS & GECK, INC. 
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A section of the stringing department 


Equipment for testing and recording tensile strength 
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Swaging Atraumatic needles to special-purpose sutures 


Chemical research laboratory 
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A step in the neutralizing process 


Part of the winding department 
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Two of our special machines for automatically adding storing fluid and sealing suture tubes 


A battery of electric autoclaves for high-heat sterilization 
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Dust-proof glass-enclosed chamber in the bacteriologic testing department 


Expansion of our manufacturing facilities 
has been paralleled by intensification of our research activities. 
The rapidity of developments in all scientific fields 
is making this work unusually productive. 
Therefore, assurance can be given not only for adequate quantities 


but for advances in processing 


and still further refinements in the products themselves. 


57 WILLOUGHBY STREET - BROOKLYN, N.Y., U.S.A. 
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IN THYROID SURGERY 


Safer Patient Preparation 


The record of ill prepared patients sent 
to thyroid surgery because preopera- 
tive medication had to be stopped due 
to iodine reaction, is not an inspiring 
one. Frequently such patients have 
proved to be as poor risks as if they 
went to surgery entirely unprepared. 


Amend's Solution solves this prob- 
lem. It combines high therapeutic ef- 
ficacy with dependable safety. It is 
well tolerated, even by patients known 
to be sensitive to Lugol's solution or 
the iodides. In many instances in which 
other iodine preparations had to be 


SOLUTION 


withdrawn, Amend’s Solution has per- 
mitted continuation of therapy and led 
to rapid disappearance of all signs of 
intoxication. 


A stable, aqueous (1.21%) solution 
of resublimed iodine, largely in organic 
form, Amend’s Solution contains no 
glycerin, or alcohol. It is available 
upon prescription through all pharma- 
cies in 2-ounce bottles. 


THOS. LEEMING & CO., INC. 


101 West 31st ST. New York, N. Y. 


The American Journal of Surgery, Inc. 


Reg. U. S. Pat. Off., Nov. 3, 1936 
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oe BASAL 
theta’ 


ASAL anesthesia produced by the rectal instil- 
lation of a solution of Avertin with Amylene 
Hydrate generally lasts for two hours or more... 
With a relatively small dose of a supplemental 
anesthetic satisfactory muscular relaxation may be 
secured for a prolonged period . . . General anes- 
thesia is usually maintained on a relatively high 
oxygen intake. 
Avertin with Amylene Hydrate is supplied in bottles of 25 cc. and 


100 cc., each 1 cc. containing 1 Gm. of Avertin and 0.5 Gm. of 
amylene hydrate. 


Trademark Reg. U. S. Pat. Off. & Canada 


Brand of TRIBROMETHANOL 


WITH AMYLENE HYDRATE 


WINTHROP cuemicat company, INC. 


symbol of distinguished 


eit ie ee Pharmaceuticals of merit for the physician 
from the Winthrop flagstaff. is NEW YORK, N. a WINDSOR, ONT. 
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General information 


HE AMERICAN JOURNAL OF SURGERY 

does not hold itself responsible for any 

statements made or opinions expressed 
by any contributor in any article published 
in its columns. 

Articles are accepted for publication with 
the understanding that they are original con- 
tributions never previously published. All 
manuscripts are subject to editorial modif- 
cation, and upon acceptance become the 
property of THE AMERICAN JOURNAL OF 
SURGERY, INC. 


PREPARATION OF 


Text. Manuscripts are to be typewritten, 
on one side of the paper, with double spacing 
and good margins. The original should be 
sent to the editor and a carbon copy retained 
by the author. 


Illustrations. Illustrations must be in the 
form of glossy prints or drawings in black 
ink (never in blue). On the back of each 
illustration the figure number, author’s 
name and an indication of the top of the 
picture should be given. Legends for illus- 
trations are to be typewritten in a single list, 
with numbers corresponding to those on the 
photographs and drawings. Please do not 
attach legends to the pictures themselves. 


A reasonable number of illustrations are 
supplied free of cost; special arrangements 
must be made with the editor and publishers 
for excess illustrations and elaborate tables. 

Reprints are furnished on order. Prices 
are quoted when articles are in page form. 

Material published in THE AMERICAN 
JOURNAL OF SURGERY is copyrighted and may 
not be reproduced without permission of the 
publishers. 

Change of address must reach us by the 
15th of the month preceding month of issue. 


MANUSCRIPTS 


Bibliographies. Bibliographic references should 
be at the end of the manuscript, in alpha- 
betical order, and not in footnotes. Each 
reference should include the following infor- 
mation in the order indicated: Name of 
author with initials; title of article; name of 
periodical; volume, page and year. The 
following may be used as a model: 
Puaneur, Louis E. Indications and technique 
Am. J. Surg., 25: 446, 1937. 
The author should always place his full address on 
his manuscript. 


The subscription price of THz AMERICAN JOURNAL OF SurR- 
ceRy, is $10.00 per year in advance in the United States; 
$15.00 in Canada; and $12.00 in foreign countries. Current 
single numbers $2.00. All Special Numbers $4.00. Prices for 
such back numbers as are available will be quoted on 
request. 


Address all correspondence to 


The American Journal of Surgery, ine. 


49 WEST 45TH STREET - NEW YORK 
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TWO_LHEADS ARE BETTER THAN ONE 


TAKING slight liberty with a common 
adage, we believe that “‘two tests are 
better than one.’ That's why Cyclo- 
propane Squibb is double checked for 
purity ... by Chemical Analysis and 
by Biological Test. 

The chemical analysis governs se- 
lection of raw materials, purification 
methods used, and the purity of the 
finished product. 

In the biological control test, which 
is a further assurance of quality, we 
try to approximate human anesthe- 
sias. The carbon dioxide absorption 
technique is employed on unpremedi- 
cated rhesus monkeys for two-hour 
periods. Careful observation is made 
of induction time, speed of recovery, 
circulatory and respiratory effects, 
muscular relaxation, amount of lacri- 


mation and salivation, and any un- 
usual side effects. Samples of the anes- 
thetic mixture are taken at regular 
intervals throughout the anesthesia 
for determination of percentage con- 
centration of Cyclopropane, oxygen 
and carbon dioxide. 

These tests safeguard the high 
purity of Cyclopropane Squibb. Its 
high quality has been demonstrated 
by extensive clinical experience in 
many of the leading hospitals and 
it is a brand of choice with many 
anesthetists throughout the country. 

Cyclopropane Squibb is available in 
40 (AA); 100 (B); and 200 (D) 
gallon special light-weight steel cyl- 
inders . . . easier to handle. . . less 
costly to ship. 


For literature address Anesthetic Division, 745 Fifth Avenue, New York 


E-R: SQUIBB & SONS, NEW YORK 


MANUFACTURING CHEMISTS TO THE MEDICAL PROFESSION SINCE 1858 
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HOW MANY 
COPIES OF RE 
THESE 


BUY WAR 
BONDS AND 
STAMPS 


BOOKLETS For Your Hospital? 


@ SCISSORS universally used—frequently dull—sometimes cutting 
imperfectly—causing exasperation, delay and waste. Timely therefore 
is Weck’s latest SERVICE BULLETIN — “Scissor Care for Longer 
Wear.” Put a copy in. the hands of every scissor used in your hos- 
pital. How many shall we send you? No charge — no obligation. 
There will be included with them, also without charge or obliga- 
tion, a copy of an earlier Weck service booklet “A Week at Weck’s”’ 
— which briefly explains how in,one week any not-up-to-par scissors 
may be put back in the 100% working class — properly set, keenly 
sharpened—points meeting precisely—by spending a week at Weck’s. 
The savings are sometimes surprising, always pleasing. se 
After buying this week’s WAR BONDS and STAMPS — write for 
“SCISSOR CARE” and A WEEK AT WECK’S — both do their bit to CRODON 
help you and your staff buy still more WAR BONDS AND STAMPS ‘he Chrome Plate | 


in the weeks to come. 


Edward Weck & Co., Inc. 


Manufacturers Surgical Instruments 
SURGICAL INSTRUMENT REPAIRING + HOSPITAL SUPPLIES 


135 Johnson Street Brooklyn, N.Y. 
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For SURGERY asa Fine’ Art... 


to a Leonardo, so « 
scent Surgical Blades to 
meticulous operator—their spe- 
cial qualities an integral part of 
technical artistry. 
With Crescentblades, heworks 
with an extra sharpness, ground 
_in by a sharper, more acute bevel 
tau © of the cutting edge. 
STANDARD 4 For the sureness of his incision. 
HANDLES (without weaving), he can rely on 
, a rigidity that is “built in” every 
Crescent blade, with one-third 
more of the finest steel. 
And his manual dexterity is 
facilitated by the balanced dis- 
tribution of weight, without thin- 
-ning down from the back. 
In creating masterworks of 
=] surgical skill, you can depend on 
| Crescent—the instrument of dis- 
: riminating choice. 
“For samples, call your surgical 
ealer—or write to 


CENT SURGICAL SALES CO., Inc. 


“The master hand 
es a master blade” 


SURGICAL BLADES AND HANDLES 


A virtuoso, or brilliant 
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PERATI 


Make your Blood Ban 
Plasma at the same 
with the... 


THE FILTRAIR 
SEDIMENTATION 
HAEMOVAC, accepted by the 
A.M.A. Council on Pharmacy and Chemistry, 
is a vacuum bottle especially designed for 
sedimentation, and saves you all the trouble 
and expense of centrifugation. 


Your Hospital will find this method 
has the following advantages: 


1. Extremely simple to operate. 

2. The Filtrair Blood Valve eliminates all possibility 
of air leakage. 

3. The Filtrair Blood Filter can be easily disassembled 
and cleaned. 

. When equipped with Filtrair Compliter and Blood 
Filter, assures a trouble-free method of blood 
or plasma administration, without the inherent 
dangers of using rubber tubing which has al- 
ready been used for one or more blood or 
plasma transfusions. 

. The cellulose tubing is used only once and 
then discarded. 


Supplied for 500 cc and 250 cc of blood. 


* Write for copy of new edition of 
“FLUIDS, WHOLE BLOOD AND PLASMA” 


HOSPITAL LIQUIDS 


Incorporated 


NEW YORK - CHICAGO: LOS ANGELES 


¥ 
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Intravenous Therapy 


Accessories by 


PROOUCT Or 


BAXTER LABORATORIES 


Glenview, lilinois + College Point, New York 


P Acton, Ontario + London, England 
PRODUCED AND DISTRIBUTED IN TH 


E ELEVEN WESTERN STATES BY DON BAXTER, INC., GLENDALE, CALIFORNIA 


Distributed east ofthe Rockies hy 


AMERICAN HOSPITAL SUPPLY CORPORATION 


CHICAGO . NEW YORK 


- FesRuary 1943 
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FOR ALL TYPES OF 
WOUNDS AND BURNS 


Just a break in the skin? Not serious at the 
start, perhaps, but every such break is a site 
for potential infection. Allantomide* is be- 
coming more and more the standby of phy- 
sicians and surgeons who want an ointment 
whose action is effective in controlling 
infection and is a stimulant in healing. 
And Allantomide is both. Allantomide, a com- 
bination of allantoin 2% with sulfanilamide 


BIOLOGICALS, BIOCHEMICALS, 


“NATIONAL” 


10% in a greaseless base, is recommended 
for the treatment of 

ABRASIONS . WOUNDS . SCALDS . ULCERS 

LOCALIZED ABSCESSES 

FIRST, SECOND & THIRD DEGREE BURNS 
Allantomide comes in one ounce, four ounce, 
one, and five pound jars. Write The National 
Drug Company, Dept. B, Philadelphia, Pa., 


for information and a generous trial supply. 
*Reg. U. S. Pat. Off. 


PHARMACEUTICALS FOR THE MEDICAL PROFESSION 


yp He 
National Drug Company 
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EFFECTIVELY TREATS A BURN 
_AS A- WOUND 


Fu: years of intensive experience in in- 

dustrial, medical and surgical practices “4 : 
clearly demonstrate that Foille possesses 
the following superior, clinical advanta- 
ges as a local treatment for severe burns: 
1. Quick and marked alleviation of pain 
2. Progressive coagulation of serous exu- 
date 

3. Effective control of sepsis 

4. Stimulation of granulation 

5. Earlier skin-grafting in third degree 
burns 

6. Lessened areas requiring grafts 
Moreover, in deep seated burns of the 
face, hands, feet and joints, Foille largely 


% eliminates scarring contractures and en- 
‘ courages normal restoration of manual i 
function. 


Foille is now extensively used in mili- 
+ tary hospital practice, in aircraft, ord- 
‘nance, steel, petroleum, chemical and 
other defense institutions. 

We invite physicians to write for full 
descriptive literature and a clinical supply 
of Foille. 


Distributed through Surgical Supply Houses, 
Wholesale Druggists, Pharmacists and First Aid 
Suppliers. 


CARBISULPHOIL COMPANY 


DALLAS, TEXAS, U.S.A. 
CHICAGO © NEW YORK #¢ LOS ANGELES © BIRMINGHAM 
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Best by test on all these counts 
d Exhaustion Rate b Hardening 
2) Contrast and Detail B Speed of Processing 


3) Miscibility (ease of mixing) 6) Non-fogging characteristics 


Best results in medical x-ray processing cannot be 


obtained from an “all purpose” concentrated developer C [ : A ik M | X 
and fixer. Exhaustive laboratory tests of our own and oe 


competitive products proved conclusively that one type Medical Developer — 


of developer and fixer would not serve two types of 

x-ray film—namely, medical and industrial. P a 
The emulsion on medical x-ray films is different from 3 

that of industrial film. : 
Picker ‘custom-built’ Clearmix Medical Developer 

and Perfix Medical Fixer prepared for processing medi- 

cal films exclusively, will produce the most satisfactory 

results possible in terms of speed, clearness, contrast 

and detail. Try them on your next replacement order Went 


and see the difference! PERFIX 


10 Mane ony 


CLEARMIX 
Specialized for Medical work 
Send for complete bulletin covering the outstanding features 


of both types of Picker Clearmix Developer and Picker Perfix 
Fixer for use in medical and industrial x-ray processing. 


PICKER X-RAY CORPORATION 
300 Fourth Avenue, New York, N. Y. 
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___Antiseptic and Germicide with a New Chemical Structure— 


ZEPHIRAN CHLORIDE is a mixture of 
high molecular DISTINCTIVE ADVANTAGES OF 
zyl-ammonium chlorides, and rep- 

resents a new concept of bacterial Zephiran CHLORIDE 
destruction on the basis of a cationic 
detergent. 

Welch and Brewer* state that the 
protective action of the blood plays 
an important role in infection, and 
the indiscriminate application of anti- 


DETERGENT PROPERTIES @ RAPID ACTION 

A WETTING AGENT @ EMOLLIENT EFFECT 
HIGH TISSUE TOLERANCE WIDE APPLICATION 
PENETRATION ABILITY e ECONOMY 


septics which destroy this function at dilu- 1kRAN CHLORIDE non-injurious to the deli- 
tions which cannot destroy bacteria is a cate phagocytic mechanism of the white 
harmful practice. blood cell in concentrations up to 1:3,000. 


Expressed in terms of the toxicity index, 


cording to their studies capable of destroy- ZEPHIRAN CHLORIDE was rated as 0.48 
ing Staphylococcus aureusinaconcentration whereas alcohol was shown to have a toxicity 
of 1:6,250 in 10% serum, they found Zepu- index as high as 7.5. 


© 


Though a very potent germicide and ac- 


bet CHLORIDE... Germicide for Surgery, *Welch, H., and Brewer, C. M.,: 
Obstetrics and Gynecology, Urology, Dermatology, Eye, 


Ear, Nose and Throat, Sterile Storage of Instruments of Immunology, Jan., 1942. 


ALBA PHARMACEUTICAL COMPANY, INC., 


>. 
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With solution Common] 
nly 


us 
Hor the disinfectig 
AV": EFFICIENT SUrgical ins; 
GERMICIDE 


of 
Tuments, 


VEGETATIVE SPORE 


Test interval (minutes) producing sterility Test interval (hours) producing sterility 


BLOOD BLOOD 
Test organism ' Test organism 
wet | dry wet | dry 


Staph. aureus Y 2 B. anthrasis 1 1 


Strept. hemolyticus \Y Cl. tetani 


Pseudomonas 


pyocyanea Y Cl. welchii 


*Controls negative—did not resist drying 


CONSERVES THE BUDGETED DOLLAR 


When used as directed, the Solution will 
not rust, corrode or otherwise damage steel 
instruments, glass or heat-treated rubber. 


The Solution is non-injurious to the keen cut- 
ting edges of surgical knives and scissors, 
and delicate surgical instruments. . . thus 
serving to safeguard the surgeon's and hos- 
pital’s instrument investment. 


The Solution retains its high germicidal 
effectiveness over long periods of use if 
kept undiluted and free of foreign matter. 


Ask your dealer 


PARKER, WHITE & HEYL, INC. 


DANBURY, CONNECTICUT 


15 
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BARD=-PAR KIER PRODUCT 


GERMICIDAL ACTIVITY 


LOw TOXICITY TO TISSUE® 


15250 1:117 1:1250** 1:1200 1:300 1:125** 
CEEPRYN MERCURIAL # 1 PHENOL #§ MERCURIAL + 2 


REFERENCE: Green, T. W., and Birkeland, J. M.: A method of 
**Failed to kill determining the tox icity of disinfectants, A Bact. 43:641 (1942). 


Germicidal dilution against Staph. aureus in pres- 
ence of serum (as determined by Salle method). 


*“Critical Toxic Dilution” to tissue, as determined 
by inhibition of pulsation of chick embryo heart 
fragments. 


| 


HE value of an antiseptic is determined by its ability to 
destroy bacteria effectively and leave the tissues unharmed. 
Ceepryn, a non-mercurial, non-phenolic compound, accom- 
plishes this to a high degree. Its toxicity to tissues is almost negli- 
gible in comparison with its extremely potent bactericidal value. 


Factors which recommend CEEPRYN for general use: 


@ Potent germicidal action in high dilution 

@ Effective against wide range of organisms 

@ Active in presence of serum 

@ Low surface tension—penetrating and detergent 
@ Low toxicity—no mercury, iodine or phenols 

@ Safe and non-irritating to tissue 

@ No interference with healing 


C15 18 PIR 


Brand of Cetylpyridinium Chloride 


3} DOSAGE FORMS, 
ALL REASONABLY PRICED 


Ceepryn Tincture 1:200—4 oz., pints and gallons os 


Ceepryn Tincture 1:500—4 oz., pints and gallons ngage 
Ceepryn Aqueous Solution 1:1000—pints and gallons LITT 


AQUEOUS SOLUTION 
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its preven 


Surgery often involves the control of infection. For instance, loss 
of tissue in an abdominal wound may predispose to the oc- 
currence of a ventral hernia. An incision for nephrectomy, 
hydronephrosis or pyonephrosis is practically always a poten- 
tially infected wound. Infection following operation on an 
extremity may, by the production of scar tissue, result in con- 
tractures and consequent loss of function. In these instances and 
many others, infection must be controlled as rapidly as possible. 
Reporting several series of cases in a paper “The Treatment of 
Surgical Infections with New Chlorine Solutions” (Surg. Gyn. & 
Obst., Vol. 63, pp. 318-324) the author concludes: “The series 
treated with Azochloramid showed an appreciable reduction in 
the time of healing with a corresponding decrease in the 
length of hospitalization.” 

Many reports in the clinical literature testify to similar successes 
of Azochloramid in controlling infection. 

* 
Azochloramid is used extensively by the Army and Navy 


Trial quantities and comprehensive literature 
sent to physicians on request 


WALLACE & TIERNAN PRODUCTS, INC. 


A-5 Belleville, New Jersey, U.S.A. 
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For Circulatory Emergencies 


—rapid, sustained vasopressor action, 


without appreciable nervous stimulation 


Hydrochloride 


hydroxy ethylbenzene hydrochloride) 


Supplied in 1 c.c. ampules; 
and in rubber-capped vials 
containing 5 c.c. of a sterile 
1% solution. Average 
subcutaneous dose: 0.5 ¢.¢. 


« consens 


< Since 1855 . . . ESSENTIALS OF THE PHYSICIAN’S ARMAMENTARIUM 


NEW YORK KANSAS CITY DETROIT, MICHIGAN SAN FRANCISCO WINDSOR, ONTARIO 
SYDNEY, AUSTRALIA AUCKLAND, NEW ZEALAND 
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HERE must be no compromise in 

the quality of Surgical Instruments. 
This is the platform on which Sklar's 
American Made Stainless Steel Surgical 
Instruments continue to maintain lead- 
ership as the finest instruments of Stain- 
less Steel made anywhere in the world 2 
today. 


KLAR’S manufacturing capacity has 
been expanded so greatly during 

the past few years, that today we manu- 
facture a greater number of patterns than 
have ever been made anywhere before 
of Stainless Steel. These instruments 
represent, in beauty, utility, long life 
and economy, the greatest achievement 
in the highly specialized field of surgical = 
instrument design and manufacture. Cata- y » 
SKLAR 


logue will be sent on request. 5) 
PROOUCTS 


Sklar Products Are Sold Only Through Leading Surgical Supply Distributors 


J. SKLAR MANUFACTURING COMPANY 


38-04 WOODSIDE AVE LONG JSLAND CITY, N.Y r 
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NEO MULTI-VI 
CAPSULES 


EACH CAPSULE CONTAINS: 
Vitamin A 5,000 U.S. P. Units 
Vitamin D 500 U.S. P. Units 
Thiamine Hydrochloride, U.S. P. 1.5 mg. 

(Vitamin B;, 500 U.S. P. Units) ? 
Riboflavin 2.5 mg. 


Pyridoxine Hydrochloride 1 mg. 
(Vitamin Be) 

Calcium Pantothenate 1 mg. 

Nicotinamide. 20 mg. 

Ascorbic Acid, U.S.P. 50 mg. 


(Vitamin C, 1,000 U.S.P. Units) 


Centered around any surgical procedure are the factors which make the 


patient a better operative risk and reduce the post-operative hazards. 


Since recent work has shown that various vitamin deficiencies may be 
the cause of such surgical difficulties as delayed wound healing and 
increased tendency to infection, it is rational to step up the vitamin intake 
during both the preoperative and the convalescent period. 

White’s Neo Multi-Vi Capsules offer valuable support to the diet of the 
surgical patient. One Neo Multi-Vi Capsule provides every major vitamin, 
including all those clinically established in amounts substantially greater 
than adult Basic Daily Requirements*—yet does not burden the patient 
with the cost of supplemental vitamins in amounts beyond his needs and 
perhaps even beyond his power to assimilate. 

Supplied in bottles of 25, 100, 500 and 5000 capsules. White Laboratories, 
Inc., Newark, N. J. 


*Promulgated in regulations of Food and Drug Administration, 1941. 
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PRODUCTION OF 
PARENTERAL FLUIDS 


COLLECTION OF 
WHOLE BLOOD 


3 PREPARATION OF 
HUMAN BLOOD PLASMA 


FENWAL SYSTEM 
offers the utmost in safety, maximum con- 
venience Lees simplicity, marked economy. 


*An approved equipment for 
participating in the 


Fenwal Containers, Tel | and 
Telovac closures are REUSABLE. 


and care of equipment « formulae « 
suggested technics for preparation, 


processing, storing-and administra- 


tion. 
SEND FOR YOUR COPY TODAY 
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@ Haunted by fears more imaginary than 
real, the nervous, easily disquieted patient needs efficient sedation if he 
is to be properly prepared for surgery. Even more important is the 
requirement that sedation be accomplished with clinical safety. 
Nembutal meets both requirements—and meets them well! Nembutal 
is efficient because the dosage required for effect is only about half 
that required with most barbiturates. The marked clinical safety 
of Nembutal is in part due to the brief action of the drug which 
permits rapid recovery; partly, it is due to the small dosage which 
greatly reduces the amount of drug to be eliminated. How well 
Nembutal meets these requirements in practice is a matter of clinical 
record in hundreds of medical journals . . . a record which, exam- 
ined, virtually eliminates uncertainty in the use of the drug in a wide 


variety of conditions. ABBotr Laporatories, NortH Cuicaco, IL. QO 
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Nembutal 


2 REG. U.S. PAT. OFF. 


[SODIUM ETHYL (1-METHYL-BUTYL) BARBITURATE, ABBOTT] 
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e Look at him go! First in any chow line, 
this rookie’s enthusiastic gorging is offset, 
fortunately, by a strenuous program of exer- 
cise. His counterpart among the “Rocking 
Chair Brigade” still has to be considered. 
When over-indulgence and lack of exercise 
are causative factors in constipation, relief 
may often be obtained with Petrogalar.* 


It helps to soften thoroughly the stool 
and encourages regular, comfortable bowel 
movement. Petrogalar is acceptable even 
with “stuffy” patients because of its pleas- 
ant taste and ready miscibility in water. 


It may be taken directly from the spoon 
or from a glass. Consider Petrogalar for the , 
treatment of constipation. un 


FOR THE TREATMENT OF CONSTIPATION 


*Reg. U.S. Pat. Off. Petrogalar is an aqueous suspension of pure 
mineral oil each 100 cc. of which contains 65 cc. pure mineral oil 
suspended in an aqueous jelly containing agar and acacia. 


Petrogalar Laboratories, Inc. + 8134 McCormick Boulevard + Chicago, Illinois 


and get it! 
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LIPIODOL 


in X-Ray Diagnosis 


The introduction of Lipiodol considerably broadened the diagnostic value 
of roentgenography. During the past two decades, a vast bibliography 
has been accumulated. A large number of investigators have evolved 
many technics for its application. Through its use, many deviations 
from normal are diagnosed which otherwise would remain undetected. 


Lipiodol has been instilled into virtu- 
ally every cavity or viscus of the human 
organism. Containing 40 per cent iodine 
in firm chemical combination with pop- 
pyseed oil, it is highly radiopaque, cast- 
nm. °¢ ing a dense shadow on the roentgen film. 
Lipiodol in bronchog- Lipiodol in soft tissue 
raphy Lipiodol is widely used in the roentgeno- ~oner 
graphic exploration of the paranasal si- 
nuses, the bronchi, the uterine cavity 
and the fallopian tubes, the spinal sub- 
arachnoid space, joint spaces, and fistula 
and sinus tracts. It is virtually nonirri- 
tating, and if retained in situ, is slowly 
broken down and its iodine is excreted paper: 
Lipiodol in hysterosal- Lipiodol in fistula 
pingography via the kidneys. tracts 


Physicians are invited to send for a com- 
plimentary copy of the brochure “The 
Applicability of Lipiodol in Roentgenog- 
raphy and the Technic of its Use,”” which 
describes in detail the many uses of Lipiodol. 


Lipiodol in roentgen- 

exploration of empyema 
cavities 


Lipiodol in paranasal 
sinus visualization 
Lipiodol in sialography Lipiodol in myelography 


E. FOUGERA & CO., INC., Distributors 
75 Varick Street New York, N. Y. 
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For Excellence... 
For Leadership... 
For Service 


“...the materials you have fur- 
nished the Bureau of Medicine 
and Surgery are a service to the 
Navy as a whole. The large white 
“E” proclaims to all who see it 
that you are leaders in your 
field.” SURGEON GENERAL, U.S.N. 


When the blue burgee of Excel- 
lence was raised at Johnson & 
Johnson, it marked the first Navy 
“E” to be awarded to a manu- 
facturer of sutures. 


Since then, other official trib- 
utes have been paid to the Ethi- 
con Laboratories for outstanding 
service in the cause of surgery. 
But no other tribute has meant 
so much as the universal recogni- 
tion of the superiority of the 
Ethicon Tru-gauged Sutures by 
leading military and civilian sur- 
geons. 

Today, two new plants, which 
have stepped up production 
400%, operate up to a 3-shift, 24- 
hour basis, supplying America’s 
armed forces, lend-lease and the 
home-front. 


Ethicon Tru-gauged Sutures 
meet the strict requirements of 
both U.S.P. and the armed forces 
—ample evidence that, despite 
the vast quantities of Ethicon 
Tru-gauged Sutures being manu- 
factured, the same high standards 
of quality are being maintained. 


For complete dependability in 
this hour of crisis, look to Ethicon 
for unvarying excellence. 
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NEW BRUNSWICK. N CHICAGO, 
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itorial 
OUR SURGEONS IN THE PRESENT WAR 


PRESIDENTIAL ADDRESS 
Henry C. Mars_eg, M.D. 
BOSTON, MASSACHUSETTS 


OT eis tie Wor years ago, when the United States entered 


the first World War, the surgeons of this country were called 

upon to wrest themselves from their peace-time practices and 
join with their countrymen on the surgical staffs of our fighting 
forces. At that time we had had very little training for the task that 
was before us. Although the surgery of wounds is the oldest branch of 
medicine, the surgeons of our era had been so much concerned with 
abdominal, gynecological and cranial technics that little time had 
been given to the teaching of this ancient art. It may have been that 
the optimism of peace and the inability of most of us to imagine a 
world-wide war in a time of apparent enlightenment was responsible 
for this neglect. 

When we were confronted with the emergency, we hurriedly 
adopted from the French and the English, who had been deep in this 
work for over two years, all that we believed to be good and we 
applied this borrowed knowledge in the care of our own wounded 
men. What we lacked in training and experience we tried to over- 
come by willingness and application of sound fundamentals. The end 
results of our efforts and the consequences of our failures are medical 


history. 

After the Armistice we returned to our peace-time practices but 
not to our previous neglect of the study and teaching of the surgery 
of injuries. Realization came to the war surgeon that the problems of 
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war and peace are not foreign to one another; that the difference is 
only a change in location; the people and problems are the same. 

During the past twenty years industry has expanded, the motor 
car has become popular, speed has increased and accidents are more 
numerous. Our hospital clinics are filled with the injured and wards 
are set aside for their care. The war surgeon continuing his interest 
in the surgery of trauma, offered his knowledge and experience to the 
younger staff members, and through research with them developed 
new medicines, means and methods. 

And now another World War is upon us and thousands of young 
surgeons have again been called upon to care for the war wounded. 
Surely the surgeon going out today ts far better trained, has a deeper 
knowledge and more mature judgment than his older brother of a 
quarter century ago. The soldier going into action today knows that 
he will be cared for by the finest trained and equipped corps of 
doctors that his country can give him and that, if he is wounded, his 
chances of recovery are greater than ever before. Knowing this he 
will do his job better. 

The latest step in this educational trend is the organization of the 
American Association for the Surgery of Trauma, and its duty is 
clear. We must maintain a thinking membership to administer and 
direct; we must so plan our councils that we may receive, evaluate 
and judge all that is new in wound surgery. We must welcome all 
who are interested and qualified to the end that this knowledge may 
be spread to the profit of all. In war even more than in peace we have 
our work to do. 


Officers of 


THE AMERICAN ASSOCIATION 
FOR THE SURGERY OF TRAUMA 


President. . . . . . . . S. VENABLE, M.D., Texas 
President-Elect. . . . . . . Grover C. PENBERTHY, M.C., U.S.A., Michigan 
Vice-President. . . . . . . RALPH G. CaROTHERS, M.D., Ohio 
Secretary .... . . Gorpon M. Morrison, m.p., Massachusetts 
Treasurer. . . . . . . . . ARTHUR R. METz, m.p., Illinois 
Recorder... . . . . . . R. ARNOLD GRISWOLD, M.C., U.S.A., Kentucky 
Acting Recorder... . . . W.L. Estes, Jr., M.p., Pennsylvania 
Council 


Henry C. MARBLE, M.p., Massachusetts 


FRASER B. Gurpb, M.p., Canada Casper F. HEGNER, M.D., Colorado 
Epcar L. GILcrEEsT, M.D., California Darracu, M.p., New York 
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SUPRACONDYLAR FRACTURES IN CHILDREN 


ALEXANDER P. AITKEN, M.D., 
Junior Visiting Surgeon, Boston City Hospital 
BOSTON, MASSACHUSETTS 


LYMAN SMITH, M.D. 
Formerly Resident Surgeon, Boston City Hospital 
BARRINGTON, ILLINOIS 


AND 


CuHartes W. BLACKETT, M.D. 
BOSTON, MASSACHUSETTS 


NE of the most difficult fractures to treat in childhood is the 
supracondylar fracture of the humerus. These fractures are 


often not only difficult to reduce, but are difficult to main- 
tain in position. It is the general belief that accurate reduction in 
children is not essential for a good result. It is true that the functional 
end results of malalignment are generally very good, but it is also 
true that the cosmetic end results are often very poor. No patient can 
be expected to be satisfied with an excellent functional result if he 
also has a cubitus varus deformity. Our experience at the Boston 
City Hospital with the accepted forms of treatment has not been 
satisfactory. Recurrence of displacement has occurred despite accu- 
rate reduction and immobilization in flexion either by means of 
adhesive strapping or plaster splints. This has been particularly 
prone to occur in cases showing ulnar displacement with rotation of 
the distal fragment. Because of our dissatisfaction with our methods 
of treatment, we have made an end result study of fifty cases to 
determine the results of malalignment and to develop a more satis- 
factory method of treatment. 

In this series of cases, the length of time elapsed between the 
dates of injury and examination, has not been less than three years 
and not more than seven years. 

The original x-rays could not be obtained in one group of twelve 
cases. The end results of this group are as follows: Six cases are per- 
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fectly normal, functionally, cosmetically and by x-ray. Two cases 
show slight loss of the carrying angle, one a slight increase of the 
carrying angle and three a definite cubitus varus deformity. 


Fic. 1. A, showing normal carrying angle of left elbow. B, 
showing loss of carrying angle by ulnar displacement of 
distal fragment. 

The original x-rays in the remaining thirty-eight cases showed the 
following types of displacement: No displacement, five cases; pos- 
terior and ulnar displacement with rotation of the distal fragment, 
sixteen cases; posterior and radial displacement with rotation of the 
distal fragment, eleven cases; posterior displacement with rotation of 
the distal fragment but without lateral or medial displacement, four 
cases; anterior displacement, two cases. 

The end results of the various types of displacement are as follows. 

A. Cases originally showing no displacement (five cases). 

The original position was maintained in all cases. All now show 
no evidence of injury functionally, cosmetically or by x-ray. 

B. Ulnar and posterior displacement with rotation (sixteen cases). 

Excellent reduction was obtained and maintained in four cases. 
All now show excellent results. In nine cases, the displacement either 
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recurred or was incompletely reduced. All cases united with per- 
sistent ulnar and posterior displacement with rotation. All cases 
developed definite varus deformity. In two cases, the ulnar and 


A B 

Fic. 2. A, showing normal carrying angle. B, shows 

loss of carrying angle due to rotation of distal 
fragment. 


posterior displacements were corrected, but rotation of the distal 
fragment persisted. Both cases now show siight loss of the carrying 
angle. 

One case had none of the components of displacement corrected, 
yet now shows an excellent result. Although x-rays failed to reveal 
involvement either of the trochlear or capitellar epiphysis by the 
fracture line, yet the trochlear epiphysis was apparently stimulated. 
The resulting overgrowth of the media! half of the shaft prevented 
the development of a varus deformity and brought about a normal 
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carrying angle. We have shown in previous publications that 
stimulation of an epiphysis by a remote fracture does occur. In 
this particular case we feel sure that the normal result was due to 


Fic. 3. A, case showing marked ulnar displacement with callus for- 
mation. B, same case, one year later, showing considerable varus 
deformity due entirely to the ulnar displacement. 


stimulation of the trochlear epiphysis and not to retardation of 
the capitellar epiphysis. 

C. Radial and posterior displacement with rotation (eleven cases). 

An excellent reduction was obtained in only one case, which now 
shows an excellent result. Only partial reduction of all components 
was obtained in seven cases. All now show excellent results. In one 
case posterior displacement and rotation were corrected but radial 
displacement persisted. An increase in the carrying angle was the 
end result. Another case had only slight radial displacement but 
rather marked rotation and now shows a varus deformity of 5 de- 
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grees. In one case the displacement was corrected from radial dis- 
placement to one of ulnar displacement and now shows a marked 
varus deformity. 

D. Posterior displacement and rotation only (four cases). 

Two had excellent reductions and now show no evidence of their 
injury. One had correction of the posterior displacement but not 
of the rotation and now shows some loss of the carrying angle. 

One had slight persistent posterior displacement with con- 
siderable rotation and now shows complete loss of the carrying angle. 

FE. Anterior displacement (two cases). 

One case showing radial displacement was not completely reduced 
but shows now an excellent result. One case showing ulnar displace- 
ment was not completely reduced and developed a varus deformity. 
This case also showed a vertical t-fracture which extended into the 
capitellar epiphysis. Contrary to what might have been expected, 
this epiphysis did not show retardation of growth but was stimulated 
by the fracture’ as the deformity has increased over a six-year 
period. 

In an excellent article on the end results of supracondylar frac- 
ture, Siris presented several cases in which either the trochlear or 
capitellar epiphyses were involved in the fracture. In his cases the 
involved epiphyses showed retardation of growth with resulting 
deformity. Our experience with fractures of the epiphyses has been 
similar to that of Siris. Stimulation of the epiphysis by the fracture, 
as in the above cases, is very unusual. Brewster and Karp believe 
that the varus deformity in such fractures is due to stimulation of the 
capitellar epiphysis. Such stimulation probably does occur in some 
cases. Deformity, then, can result either from stimulation or retarda- 
tion of the epiphyses whether the epiphyses are directly involved in 
the fracture line or not. However, in the great majority of cases 
deformity is not due to epiphyseal involvement but to malposition 
of the fragments, particularly in those cases with persistent ulnar 
displacement and rotation. In all but one of our cases in which such 
displacements were left unreduced, either gross varus deformity or 
loss of the carrying angle resulted. 

It is to be remembered that the normal carrying angle of valgus 
is due to the normal obliquity of the distal end of the humerus. Any 
change in this plane will, of course, change the carrying angle. 
Displacement of the distal fragment ulnarly causes the articular sur- 
face to face medially and a position of varus is the result. (Figs. 1, 3 
and 4.) 
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Fic. 4. For descriptive legend see opposite page. 
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Normally the carrying angle is obliterated on pronation of the 
forearm. When the medial end of the distal fragment rotates 
posteriorly, the forearm follows the distal fragment, thus the 
distal fragment and forearm become, so as to speak, pronated on 
the proximal fragment. (Fig. 2.) By such rotation, the carrying 
angle becomes lessened or obliterated. In this respect it is interesting 
to note: (1) In two cases in which the ulnar displacement had been 
corrected but in which rotation persisted, a loss of the carrying angle 
was the result in each case. (2) In seven cases in which there had been 
persistent radial displacement and in which we might have expected 
an increase in the carrying angle, rotation has also been present 
which compensated for the radial displacement and normal carrying 
angles have resulted. 

In order to prevent deformity it is, therefore, imperative to 
reduce ulnar displacement and rotation of the distal fragment, and 
to maintain such reduction. Maintenance of such a reduction we 
have found difficult with the accepted methods of treatment. After 
reduction and the application of either adhesive or a plaster cast, 
it is the customary practice to place the forearm across the chest. 
In so doing the forearm and the distal fragment are internally rotated 
and it is assumed, once reduction has been obtained, that the proxi- 
mal fragment also undergoes such rotation. If the fragments are 
locked, especially in acute flexion, such rotation of the proximal 
fragment will occur. However, such flexion cannot always be obtained 
because of swelling or interference of the radial pulse. In the absence 
of such flexion, the obliquity of the fracture line and the narrowness 
of the humeral shaft at the fracture site render locking difficult. In 
this event, when the forearm is placed across the chest, only the 
distal fragment rotates and the position obtained by reduction is 
lost. With the recurrence of rotation, backward and ulnar displace- 
ment can easily occur, especially if the immobilizing agent fails to 


Fic. 4. A, case showing original ulnar displacement in anteroposterior view. B, 
lateral view of same case. Note in attempting to get this view only the distal 
fragment rotated. The position of the shaft remains the same in both views. 
Similar rotation occurs, after reduction, in unlocked fractures when the 
forearm is placed across the chest. c, same case (anteroposterior view) two 
years later with opposite normal elbow. These views were taken with the 
condyles of both humeri lying in the same plane. The fracture has healed 
with almost 90 degrees rotation as in Figure 48. Note views of condyles are 
anteroposterior while that of the shaft is lateral. p, same case, both elbows 
in lateral view. Note view of condyles is lateral while that of shaft is 
anteroposterior. The deformity in this case was largely due to this extreme 
rotation, 
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Fic. 6. 

Fic. 7. 


Fic. 5. Reduction by Cotton method of external rotation of 
the entire upper extremity with the forearm supinated. - 
Fic. 6. Cast applied to arm with elbow at right angles. This 
position is used only when swelling and interference of 
radial pulse allow no further flexion. 
Fic. 7. Chest swathe of plaster applied holding distal frag- Ss 
ment and forearm in external rotation. When further 
flexion is possible, such complete external rotation is 
usually not necessary. 
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give proper support for the weight of the forearm. We believe this 
practice of placing the forearm across the chest, to be the chief 
reason for our failures to maintain position. 

We have been able to maintain position much more satisfactorily 
since the following method was adopted. Reduction is obtained by 
the method described by Cotton, namely, outward rotation of the 
entire arm. (Fig. 5.) By this procedure the elbow is flexed at a right 
angle and the forearm is abducted which tends to rotate the distal 
fragment externally. We also believe the forearm should be supi- 
nated. By so doing we are of the opinion that tension is placed on 
the pronator radii teres which further prevents the internal condyle 
from rotating backward. With the extremity thus rotated outward, 
the elbow is flexed as much as possible, depending upon the amount 
of swelling and the quality of the radial pulse. Plaster strips are then 
applied to the arm and allowed to set partially. A plaster swathe 
is then placed around the chest and incorporated in the plaster about 
the arm. (Figs. 6 and 7.) In this manner the fragments are locked in 
flexion and external rotation and the chances of recurrence are 
definitely less. After the adoption of this method, we found a similar 
procedure had been described by Eliason. He believed, in employing 
the acutely flexed position, that the hand should be carried to the 
shoulder of the injured side to prevent recurrence of rotation. He 
does not externally rotate the arm as we do, and in cases when acute 
flexion can be accomplished, his method should be satisfactory. 
When acute flexion cannot be maintained, further external rotation 
should be employed. 

Some other interesting facts learned from this study are as 
follows: 

There were two cases of so-called myositis ossificans. Both cases 
were slow in recovering function but all evidence of calcification 
and limitation of motion disappeared within two years from the 
date of injury. 

Nerve involvement was seen in four cases. The radial nerve was 
involved in three instances, the ulnar in one. Both cases of anterior 
displacement showed nerve involvement, one radial and one ulnar. 
In all cases complete recovery occurred from six to ten weeks after 
injury. 

There was but one case showing circulatory embarrassment. 
This was placed in traction for a few days and then reduced with 
an excellent end result. 

Although the functional end results were excellent, some cases 
did show changes in the range of motion. In three cases there was a 


7 


170 AITKEN ET AL.—-SUPRACONDYLAR FRACTURES 


loss of flexion of from ten to twenty degrees. Four cases showed a 
loss of extension of from ten to twenty degrees. In six instances there 
was an increase in the range of extension of from ten to twenty-five 
degrees without loss of flexion. Three of these cases have varus 
deformity. 

In summarizing the end results of fifty cases of supracondylar 
fracture we find almost uniform excellent function. Cosmetically, 
there were twenty-seven excellent end results. There were two cases 
of increased carrying angle and three cases of decreased carrying 
angle. There were three cases of complete loss of the carrying 
angle. Although the above eight cases show change or loss in the 
carrying angle, they cannot be classified as showing poor cosmetic 
results. There were, however, fifteen cases of definite varus deformity 
which can only be classified as poor cosmetic results. 


CONCLUSION 


Supracondylar fractures with radial displacement and rotation of 
the distal fragment show excellent function and cosmetic end results, 
although complete reduction may not be obtained. 

Varus deformity is due to ulnar displacement plus backward or 
internal rotation of the distal fragment. Persistence of either condi- 
tion may lead to loss of the carrying angle or varus deformity. 
Persistence of both conditions leads almost invariably to the poor 
cosmetic result of cubitus varus. 

Recurrence of deformity we believe is due to the practice of plac- 
ing the forearm across the chest. 

A method of immobilization is described which it is hoped will 
give better results. 

There seems little excuse for poor cosmetic results in this type of 
fracture which we believe are to be universally found. The methods 
of reduction and immobilization were described by Cotton and 
Eliason eighteen years ago. The popular belief that accurate reduc- 
tion Is not essential to a good result is condemned. 
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Frep H. Situ (New York City): I would like to ask Dr. Aitken what 
he has been doing for the supracondylar fractures with marked.circulatory 
disturbance in which the displacement was great and the soft tissue damage 
proportionately increased. In New York, we have been using the Kirschner 
wire and putting the arm in traction, hanging the elbow above the patient 
with the patient lying supine in bed. By that means, we are able to keep 
the elbow elevated. There is no obstruction to either the venous or lym- 
phatic return, the patient is kept quiet and it is practically a painless 
procedure, and we are also able to control rotation of that distal fragment. 
If we find in subsequent check-up by x-ray that there is rotation, we can 
turn the forearm this way or that way and control that distal fragment. 

Out of 218 cases in a nine-year period from 1929 to 1937, inclusive, we 
have used it in twenty cases, that is, just under ro per cent, and out of that 
twenty, eight patients have had essentially perfect results. The remaining 
thirteen have had what would be called excellent results. A few of those had 
some loss of carrying angle and some loss of flexion. Some had one or the 
other, some had both, but the function was essentially perfect and they 
could do everything they wanted to. 

As far as complications are concerned, we had three postoperative 
wristdrops, all of which cleared up subsequently. The only other compli- 
cations were mild pressure sores at the side of the wire and no serious 
osteomyelitis. 

Out of the entire series there was no case of Volkmann’s paralysis. 
One patient came in with a beginning Volkmann’s which had been going on 
only about five hours from the time of the onset. He had loss of pulse, some 
loss of nerve function and the fingers were cold. We put in the Kirschner 
wire and the impending Volkmann’s immediately cleared up and he never 
developed any further complication. 

ALEXANDER P. AITKEN (closing): I do not believe we have adopted any 
one procedure for the handling of these circulatory disturbances. In this 
one particular case, the arm was placed in traction with adhesive along the 
forearm and suspended from a Balkan frame. If there is any question of 
circulatory embarrassment, with an absent pulse, | know some men (and I 
have done it myself), have gone in and split the bicipital fascia. Other men 
have used Kirschner traction. We have not adopted any one method for 
handling it. It varies with the man who happens to get the case. 
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POSTOPERATIVE PAROTITIS WITH 
RADIATION TREATMENT 


DanieLt C. PATTERSON, M.D. 
BRIDGEPORT, CONNECTICUT 


AROTITIS, when a complication of surgical procedures, is a 
very serious condition. Statistics gathered previous to irradia- 
tion therapy show a mortality rate of over 50 per cent. Blair and 
Padgett, in 1923, reported on thirteen cases of postoperative parotitis 
with seven deaths. Fortunately, it is a rather rare occurrence, the 
incidence being given as anywhere from one case in one thousand to 
one case in two thousand operations. Rankin and Palmer, in 1930, 
surveying a four year period at the Mayo Clinic, found twenty cases 
in 2,700 operations on the colon and rectum, a ratio of 1 to 135. They 
concluded there was an increased incidence with the increased devel- 
opment of surgery of the large bowel. They could not explain why. 
In 1937, Maurer reported thirty-three cases in 35,000 operations at 
the Munich Surgical Clinic. He also reported fourteen deaths in these 
thirty-three cases. I do not believe the high mortality rate of surgical 
mumps has been generally appreciated by the profession. 
Numerous theories have been advanced to account for its occur- 
rence, but none of them is fully satisfactory. In 1887, Stephen Paget 
investigated the records of one hundred cases and concluded that in 
those cases in which it followed operations on the genital organs it 
was due to close relationship between these organs and the parotid 
gland. Dr. Howard Kelley writes: “It is my conviction that post- 
operative parotitis is due to thumbing of the parotid gland by the 
anesthetist.” It might be pointed out that the disease is not partial 
to operations upon the genital tract, and it has followed operations 
under local anesthesia in which there was no manipulation about the 
patient’s jaw. Debilitation, dehydration and foci of infection in the 
oral and nasal cavities are generally mentioned as contributing 
factors, but great numbers of patients with these unfavorable condi- 
tions are operated upon daily and parotitis remains a rare complica- 
tion. Moreover, as Rost points out, “It is almost never observed as a 
result of stomatitis.” 
Postoperative parotitis differs widely from simple parotitis or 
mumps. The latter condition, which is a virus disease, has a long 
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incubation period, no tendency to suppuration, and a negligible 
mortality; whereas surgical mumps has a short incubation period, 
does tend to suppurate, and has a high mortality. The theory that it 
was of embolic origin or due to pyemia has little support at present. 
Pyemic parotitis does occur in the presence of sepsis, but surgical 
mumps may occur in the absence of any apparent infection. In 
pyemic parotitis it has been shown that the infection begins around 
the vessels in the parotid gland, while in postoperative parotitis it 
begins around the ducts. Rost says, ‘There is no difference in the 
anatomical picture between the ascending and the hemotogenous 
routes of infection.” The staphylococcus is the organism most fre- 
quently involved. This is true even though the patient may be suffer- 
ing from an infection due to another bacteria. 

The disease may follow any type of operation whether septic or 
not. I remember one fatal case that followed the dilating of a urethral 
stricture. It is usually ushered in with sudden high fever and malaise 
within a week after operation. The infected gland early shows swell- 
ing, and the diagnosis should be easily made. It is most important 
that the condition be recognized in its early stage, for a successful 
result demands early treatment. Nurses and interns should be 
instructed to be on the look out for the first signs or symptoms. 

Many forms of therapy have been advocated in the past. Local 
applications, mouth washes, catheterization of Stenson’s duct, use of 
vaccines, and wide incisions when suppuration is present, have been 
the general treatments. 

Leithauser and Cantor treated twenty-three patients with large 
doses of Lugol solution. Twenty minims were given every three 
hours, day and night. Fulminating cases were given 1 to 2 dr. 1 
1,000 cc. of solution intravenously. Dosage was decreased as im- 
provement took place. They advised aspiration with a large needle 
instead of incision if suppuration occurred. This treatment might be 
worth trying if radiation is not available. 

The sulfonamides are probably of value. Walker and Allen report 
a case of bilateral postoperative parotitis treated with 10 gr. every 
six hours, but radiation was also used in their case. R. E. Smith 
reports quick recovery from a case of ordinary mumps under 
sulfanilamide therapy. 

Bowing and Fricke reported on the use of radium in 184 cases at 
the Mayo Clinic. Thirty-two of these cases had bilateral involve- 
ment, and the mortality was 40 per cent. Of the other 152 patients, 
19 per cent died. The authors added that 6 per cent died of parotitis 
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alone. They advised radium in moderate doses, with local treatment 
of warm, moist dressings, and incision when suppuration occurred. 

In 1936, Dr. Fred M. Hodges, of Richmond, Virginia, reported 
that he had successfully treated a fairly large number of patients 
with acute, subacute and chronic parotitis since 1924 with roentgen 
therapy. He stated that the majority of surgeons were unaware of 
the value of irradiation in this field. He advised three to five treat- 
ments daily, or every other day, using 125 to 170 kilovolts, with 
about 125 to 200 R units. Dr. Hodges deserves the credit for bringing 
this form of treatment to the profession. 

Following the method of Hodges, Latchmore and associates 
reported eleven cases of postoperative suppurative parotitis in which 
the patients were treated by x-ray therapy. Complete resolution 
occurred in six, two recovered after incision of a local abscess, and 
resolution was taking place in one when the patient died of another 
cause. Two patients treated late, that is, ten days after the swelling 
appeared, died. 

Five cases of postoperative parotitis occurred on my service at 
the Bridgeport Hospital between May, 1940, and August, 1941. 
These patients were treated by radiation therapy under the direction 
of Doctors Parmelee and Lockhart, and the results are the reason for 
this report. 


CASE REPORTS 


CaseEr. Mrs. M.L., age sixty-five, was operated upon May 27, 1940. 
A cyst of the right kidney was removed. On May 30, the patient com- 
plained of soreness in the left side of the face. The left parotid gland was 
swollen and tender; her temperature was 102°F. She was given 450 R units 
in the course of five days. The swollen gland subsided and the temperature 
was normal by June 9. 

Case u. Mrs. M. G., age eighty-five, was operated upon June 28, 
1940, when a colostomy for intestinal obstruction was performed. On July 
14, the left parotid gland was swollen and tender; the patient’s temperature 
was elevated. X-ray treatment was started, and she was given 140 R units 
every other day for three doses. Her temperature was normal on July 22, 
and she went home on July 24. 

Case. Mary F., age sixty-five, had a gastric resection for carcinoma 
on November 12, 1940. On November 16, the patient was listless and 
drowsy; her temperature was 101°F. At 8 A.M. it was noted there was a 
large swelling of the right parotid gland. At 9:30 a.m. she received her first 
radiation treatment of 195 R units. On November 17, the patient was given 
a second treatment, and two days later a third dose. The gland subsided 
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promptly and her temperature was normal by November 27. She was 
discharged one week later. 

CasEiv. Mrs. E. W.,age fifty-eight, had a cholecystectomy and freeing 
of adhesions performed on July 24, 1941, and also cecostomy for obstruction 
(inflammatory) of the colon. On August 4, the right parotid gland was 
swollen; her temperature was 103°F., and leucocyte count 33,000, with 
QI per cent polymorphonuclears. X-ray treatment was started at once 
and repeated on August 5. The temperature dropped and the swelling of 
the parotid subsided in a few days. On August 14, there was a recurrence 
of the parotitis and x-ray treatments were again given on August 14, 15 
and 16. The response was prompt and the patient proceeded toward a 
good recovery. 

Case v. Miss D. H., age twenty, was operated upon July 28, 1941, for 
acute purulent appendicitis. On July 31, there was swelling and tenderness 
of the left parotid gland. The patient had a chill and temperature of 103°F. 
X-ray treatment was started within a few hours after the swollen gland was 
first noticed. She received two treatments on successive days. By August 
4, the temperature was normal and the parotid swelling much less. The 
patient had no further trouble. 


I am unable to explain why these cases occurred. In only one 
instance were two of the patients in the hospital at the same time, 
and all were in different wards. Three had nitrous oxide ether 
anesthesia by machine. One had open drop ether after gas induction, 
and one local novocain infiltration. Different anesthetists were 
involved, as well as various doctors and nurses. There had been no 
similar cases for a long time previously, and there has been none 
since on my service. 

Aside from radiation, local treatment only was employed in these 
cases. The radiation was begun early, and in no case did suppuration 
occur, although it appeared imminent in some of the glands. The 
prompt recoveries and absence of suppuration indicate that x-ray 
radiation is a very valuable agent for the treatment of postoperative 
parotitis, and we believe that the splendid results obtained in these 
cases were due to the early application of radiation. 

As prophylactic measures, no elective surgery should be done 
when foci of infection are present in the nose, mouth or throat. 
Debilitated and dehydrated patients should receive proper preopera- 
tive treatment. 


SUMMARY 


1. Postoperative parotitis is a very serious complication. 
2. X-ray radiation is a most effective treatment. 
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3. Radiation should be started early in the disease to prevent 


suppuration. 
4. More attention should be paid to preoperative preparation of 


surgical patients. 
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PERIPHERAL CIRCULATION IN RELATION 
TO TRAUMA* 


WITH SPECIAL REFERENCE TO THROMBOSIS AND EMBOLISM 


ArtTHUR W. ALLEN, M.D. 


Chief of the East Surgical Service, Massachusetts General Hospital; Lecturer in Surgery, 
Harvard Medical School 


BOSTON, MASSACHUSETTS 


HEN I was first approached on the subject of peripheral 

circulation in relationship to injury, I had in mind that 

I was supposed to deal with injured blood vessels—the 
effect of healing of tissues distal to such lesions, etc. I have been 
informed, however, that Dr. Marble’s idea was to have me discuss 
the question of thrombosis and embolism, which had interested us 
in this Hospital so much during the past year. I very much regret 
that one of your members, Dr. Henry H. Faxon, is not here to 
present this phase of the subject since he! and Dr. Claude E. Welch 
and Dr. C. E. McGahey have made a special study of this situation 
and have sent in for publication an excellent article on the subject. 
Since all of these men are now with the Military Forces, I will 
endeavor to give you a ré. 1me of our experience in this field. 

Although thrombosis followed by embolism is not as common in 
the average patient who suffers an injury, as it is following many 
major surgical procedures, there are instances that make us realize 
that one must be on the alert for this possibility in all patients 
regardless of their type of illness or injury. For some time, it has 
been the policy of our X-ray Department to interpret certain signs 
in the chest as due to infarct with great accuracy. In addition to 
this, the Pathological Department have demonstrated that almost 
all fatal pulmonary emboli, which we have encountered, have 
originated in the region of the popliteal vein. When such a thrombus 
propagates in both directions, the long column of the femoral vein 
can produce an enormous clot and one that, when it breaks loose in 
its entirety, will very often completely occlude the pulmonary 
artery. 

Several years ago, Dr. John Homans? of Boston read a paper 
before the New England Surgical Society advocating the ligation 
and division of the femoral or the iliac vein, following repeated sub- 

* From the Surgical Service of the: Massachusetts General Hospital. 
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lethal infarcts in patients who had a low-grade inflammatory or 
mechanical condition in the vein producing thrombosis. Although 
this was an interesting observation that Dr. Homans reported, three 
or four cases at that time, believing that he had perhaps prevented 
fatal embolus under these circumstances, I doubt if there was any 
widespread attention paid to this suggestion. Actually, it was two 
or three years afterward before I found a case that I thought fitted 
into his group and on whom I was willing to do a high ligation. 
Gradually, there has come about a much more radical attitude about 
the entire situation. 

First of all, one must get over the feeling that interruption of the 
femoral or even the iliac vein will produce severe invalidism. There 
occurs some swelling in the extremity after ligation but this is not 
disabling; it lasts for varying periods of time, but rarely handicaps 
the patient in his usual routine of life. The disability, in fact, is so 
slight that our internist colleagues believe that it is entirely minor as 
compared with the risk of waiting to see whether the patient would 
develop a more massive embolus. It only takes an instance or two 
in a man’s experience of fatal embolus in an otherwise healthy 
patient to make him feel considerably more radical about this whole 
matter. 

Fatal pulmonary embolus occurred in this Hospital prior to 
Dr. Lincoln Davis’ study* of fifteen years ago at the rate of three 
deaths in every thousand patients who had been subjected to a 
major surgical operation. 

After this, various methods of prevention of phlebitis were in- 
stituted, such as elevation of the foot of the bed, bicycle exercises 
of the legs, frequent turnings, etc. These methods, with perhaps 
better attention to the handling of tissue, the elimination of pres- 
sure bandages over large vessels, have (according to a recent study 
by Drs. Welch and Faxon‘ on patients in this same Institution) 
reduced the number of fatal emboli to about one in a thousand 
operations. 

At first, it seems as though we might be able to pick up the early 
signs of phlebothrombosis or thrombophlebitis by a routine, bi- 
daily, careful inspection of the extremities of these postoperative 
cases. This 1s done by the resident staff religiously and frequently 
enough early signs can be noted, although these may be minimal. 
It is not at all uncommon now to have these signs picked up before 
the patient is aware of any disturbance or before the chart indicates 
that there is this complication impending. These examinations con- 
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sist in an observation of the extremities, both being uncovered; the 
question of whether the superficial veins are filled or empty; whether 
there is any swelling by actual measurements; whether there is any 
tenderness in the calf of the leg, and whether or not there is a positive 
Homans’ sign. 

This last sign is by far and above the most helpful of all and is 
determined by the following method: With the patient’s leg in exten- 
sion, the palm of the left hand is placed gently on the patella; the 
right hand grasps the distal segment of the foot, which is gently but 
forcibly dorsiflexed. If during this maneuver, the patient is per- 
fectly comfortable, one can feel reasonably assured that the veins 
in the popliteal space are not involved in any pathological process. 
If, on the other hand, the patient complains of discomfort in the 
calf of the leg or in the popliteal space when this maneuver is done, 
one can then be reasonably sure that future developments will 
reveal a thrombosis in the vein. We do pay considerable attention to 
superficial phlebitis when it develops and believe that, when it is 
discovered, ligation at the foramen ovale of the long saphenous vein 
is indicated. This, we believe, has perhaps prevented a good many 
instances of deep phlebitis and has made it possible to shorten the 
convalescence of these patients tremendously. 

Although we see a number of cases that certainly fall into the 
group which Dr. Alton Ochsner® has called phlebothrombosis, we 
have here in this community a larger number of true inflammatory 
thromboses of the vein than they seem to have in New Orleans. It 
is probably due to the fact that we have more lowered resistance due 
to our climate, etc., than they find in the deep South. It is a well 
known fact that we have more postoperative pulmonary complica- 
tions in this region than they have in warmer areas. This we believe is 
due to the same difference in climactic conditions. 

In the recent study, it was found that 95 per cent of all of the 
fatal emboli occurred in people who had absolutely no sign whatever 
of a previous thrombosis. They had not complained of any discom- 
fort in their legs, they had no change in pulse, temperature, or 
respiration, and undoubtedly most of these should be classified as 
phlebothromboses. In these patients, the pathologist invariably 
found the origin of the embolus to be in the deep veins of the leg. 

Further analysis showed that in the patients between twenty-five 
and forty-five years of age, there were very few deaths, although 
there were a good many infarcts in the lungs in this group. Before we 
began doing ligations, these were all treated conservatively and very 
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few of them died. In the older group beyond the age of forty-five, the 
number of fatal emboli was very much greater; the tendency in- 
creases as the patient grows older, so that we began ligating the 
femoral vein in the older age group with greater frequency and with 
more feeling of satisfaction than we now have when any patient of 
any age group has any indication of phlebothrombosis or thrombo- 
phlebitis, since such a patient is subjected to ligation without 
further ado. 

It was thought that perhaps we could be intelligent and scientific 
about selecting these patients for vein ligations. Venography is now 
quite a well established method of outlining the veins and it gradu- 
ally became used in the study of these patients. It was believed at 
the time that Drs. Faxon, Welch and McGahey sent their paper in 
for publication, that perhaps venography should be done pretty 
often in a doubtful or borderline case. Although venography is still 
done, I wish to say that we are not quite so sure that it is a com- 
pletely reliable test and we know, with the X-ray Department 
shorthanded as they are, that it puts an extra burden on them which 
perhaps in the future we may usually avoid. The method of venog- 
raphy ts well described in the article referred to above and when such 
a test is definitely positive, one is greatly assured that ligation is 
indicated. If, on the other hand, it is negative, one may feel with a 
clear conscience that the veins need not be ligated. The difficulty 
with the method is that in some instances the vein has appeared 
normal and yet the patient has had an embolus; and some of the 
veins that have been explored and ligated in the presence of a normal 
venogram have shown thrombosis in the vein. On the other hand, 
some of the venograms, that have shown no filling whatever in the 
deep veins, have misled us in that at operation the vein has been 
found completely free of any thrombus. 

When multiple emboli have occurred, the patient may well 
develop considerable difficulty in his chest which continues even 
after vein ligation. In instances in which veins that have appeared to 
be normal have been ligated, the infarcts have continued always 
sublethal, leading one to assume that these infarcts may well have 
come from the neighborhood of a wound and would never have 
proved fatal under any circumstances. Such patients sometimes are 
helped by heparin, although our experience with heparin here has 
not been as spectacular as it has been in Toronto. So far we have had 
no experience with dicoumarin and this may eventually prove to be a 
tremendous help in this field. 


a 


ALLEN—CIRCULATION AND TRAUMA 181 


There is one very definite feature that I think should be stressed 
and that is the ligation of both femoral veins rather than the one 
that appears to be involved. We have expected the misfortune of 
ligating the vein on the side that was obviously involved with 
thrombophlebitis only to have the patient succumb to fatal pul- 
monary embolus, and to find at autopsy that the thrombus that had 
produced the embolus had come from the supposed normal side. 
Therefore, there is some argument that if one ligates the obviously 
involved vein, one must then very seriously consider ligating the 
supposed normal side. This bilateral ligation is being carried out here 
now with more and more frequency. 

The technic of the operation is extremely simple: Under local 
anesthesia guided by the pulsation of the femoral artery, one makes a 
21¢ to 3 inch incision over the course of the vein, starting in the 
crease of the groin. The long saphenous vein is investigated and if 
this is found not to be thrombosed and not varicosed, it is left alone. 
The femoral vein is exposed in the short space that is free below the 
profunda femoris. One can then pass two chromic catgut ligatures 
under the vein, leaving them untied but held by hemostats so that 
the bleeding can be controlled after the vein is opened. If one opens 
the vein transversely through half its diameter, leaving the posterior 
third or half of the vein intact, the manipulation is almost as easy as 
if the vein was completely divided and the control of bleeding from 
the vein, by holding up on the previously placed catgut ligatures, 
simplifies the procedure. After opening the vein, clots will exude from 
it and by using a glass-tipped Trendelenburg suction apparatus or a 
simple glass drinking tube, one can with suction pull the clot from 
the region of the iliac vein. After one has got all of this clot out, there 
should be free bleeding from the proximal segment. This bleeding is 
kept under control then by the elevation of the upper ligature. Then 
clot is milked and sucked from the distal segment of the vein, 
removing as much of it as possible. Frequently enough, clots from 
above and below put together may measure 16 or 18 inches in Jength. 
If one succeeds in getting the clot from the lower segment of the 
vein so that free bleeding takes place from below, the resulting 
edema from the ligation will be greatly diminished and the con- 
valescence thereby will be shortened. After removing the clot from 
the vein, one simply ties the ligatures previously placed and then 
transfixes the vein with a cotton or silk suture distal to the catgut tie 
in order to insure closure of the vein in this region. One may leave 
the posterior half or third of the vein intact, thereby ligating the vein 
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more or less in continuity, or divide it. It seems to make no difference 
which method is adopted. We have reason to suppose that in time 
nature reéstablishes circulation through this tied-off vein, as we have 
venograms that would seem to prove that this actually did occur. 

After ligation other things being equal as regards difficulty from 
the infarcts in the chest or the operative wound originally made, one 
may with perfect impunity make these patients ambulatory just as 
soon as their temperature is normal. It is a great comfort to be able to 
get these people out of bed at the end of forty-eight to seventy-two 
hours and have them walk about. They use at first an ace bandage 
on the lower extremity from the foot to the knee and often take this 
home with them but rarely use it for more than three or four weeks. 
The small amount of swelling which occurs after this time is so 
negligible and so unimportant from their standpoint that they prefer 
not to bother with the bandages. We have noted that there was some 
tendency for superficial veins to increase in size, temporarily at least, 
following the ligation of the femoral vein itself. 

I am perfectly certain that time will finally settle the matter in a 
little more satisfactory fashion than it appears to be today. At the 
moment, I know we are ligating a great many veins that would not 
be the source of a fatal pulmonary embolism. I would suppose that 
perhaps we may save six lives out of each hundred patients on whom 
we do vein ligations. This is a definitely worth while salvage but with 
more experience and a more careful analysis, perhaps more useful 
standards of indications, we may be able to select these patients 
better and reduce the number of ligations with a consequently higher 
ratio of rescues. At the moment, it is difficult to persuade our medical 
colleagues that every infarct of the chest should not have immediate 
bilateral femoral ligation. We are at a loss to know how to answer 
this other than to comply with their request because, in the first 
place, we must admit that this Is not a serious operation; it does not 
produce a serious handicap to the patient afterward; and, of course, 
at the moment we have no way of telling whether or not that partic- 
ular patient would develop a massive embolus if his veins were left 
intact. There are many problems to be settled and one, I am sure, Is 
how can we tell whether the infarct has not come from the heart, 
from the operative site, or from some smaller vein in the body other 
than the ones that are large enough to produce the amount of 
thrombus necessary to occlude the pulmonary artery completely. 
We believe, in time, that many of these questions will be solved; we 
plan a further analysis of our experience which Is now getting greater 
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day by day. | think it is probably safe to say that at this time we 
have ligated already in this Hospital approximately 150 veins and 
this would probably represent about 125 patients. At the rate we are 
going, it will not be long before our experience will be very large. We 
know that it is an operation that can be done simply and easily; it 
takes almost nothing out of a very ill patient. It requires twenty to 
thirty minutes of time for each side, and the results in some instances 
are so spectacular that we believe it well worth while. In addition to 
the prevention of fatal embolus in the cases of thrombophlebitis, we 
find that the swelling and the pain resolves very much more quickly 
following the opening of the vein, the removal of the clot, and the 
ligation of the vein, than it would under ordinary circumstances. 
Patients, who used to remain in bed for six weeks to recover from a 
thrombophlebitis, would often be able to leave the hospital under 
these circumstances within a week. 
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QUESTIONS AND ANSWERS 


E. PayNeE PALMER (Phoenix, Arizona): I should like to ask Dr. Allen if 
he has had to go into the iliac vein to ligate in any of his cases. We have had 
to do so in two and found the clot rather extensive when we opened up the 
femoral. Therefore, we made the Cameron incision, pushed the curtain in 
back and went back of the clot into the iliac. 

Dr. ALLEN: I know a doctor who has done that several timgs, and we 
have supposed that we might have to do likewise. He used that method of 
removal of the clot, but if you get the upper segment of the clot out, I think 
you need not fear fatal embolism. Any thrombus remaining above the 
ligature would probably stay there and not go to the lungs. 

Dr. PALMER: How do you know you are going to get it all out? 

Dr. ALLEN: I do not think it matters. You may get a small infarct as we 
did once in thirty-nine cases, but it is not fatal. What you are trying to 
avoid is enough clot going to the pulmonary artery to cause death, and this 
does it. Incidentally, interrupting the flow in the vein is very effectively 
done by the ligation of the femoral vein at this point. 
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Dr. Darrach asked me why an inverse incision instead of a longitudinal 
one. You have not much room unless you tie off small veins that are going 
into the muscles. There is about a centimeter between the profunda and 
muscle branches, which is enough if you use a transverse incision. 

Freperic W. Bancrort (New York City): Might I ask Dr. Allen what 
result he had had from blocking the sympathetic? 

Dr. ALLEN: We have not had as good luck with it as they have had in 
New Orleans. I think we have a different kind of thrombophlebitis here on 
the East Coast. I mean that, I have been down there and seen these cases 
and know they do have excellent results with this method, but our phlebitis, 
once it starts, is a difficult one to control. It takes six weeks to get over it; 
however, we have used this method very extensively and we think it has 
helped a great deal. It is one of the methods we would use if we were not 
going to ligate. Patients object to having their backs stuck too many days 
in succession and their phlebitis lasts too long here to make us believe we 
should depend upon that method alone. 

KELLOGG SPEED (Chicago, Illinois): Have you used Dicoumarin at all? 

Dr. ALLEN: I have had absolutely no experience with it. I do not know 
whether that is going to be effective or not, but I hope so. 

Dr. SPEED: It is very effective, at least in cases I have seen. 

Fraser B. Gurp (Montreal, Canada): We have used Dicoumarin for 
the last eight or nine months, and we are of the opinion that it is useful, and 
as compared with heparin it costs only five cents a day. 

Dr. ALLEN: You say it is useful? 

Dr. Gurp: As compared with heparin it seems to be as useful. It is given 
by mouth, and two or three days’ administration lasts for about two weeks. 
The only objection that we can see is that you cannot get your clotting time 
back once you have compressed it, as compared with heparin. 

Dr. ALLEN: I do not think we have used it in this hospital as yet. 

Dr. Guro: I do not think it is on the market. 

Dr. SPEED: It is only being given out experimentally. 

WituaM L. Estes, Jr. (Bethlehem, Pa.): How long have you kept the 
patients inactive after ligation of the femoral vein? 

Dr. ALLEN: Everything else considered, forty-eight hours is enough, 
unless there are other reasons for a longer period. If the patient is febrile 
still from his infarction, one should naturally keep him quiet longer, but 
forty-eight hours is sufficient in the case of the ordinary patient. For 
instance, the one upon whom I think I did the unnecessary ligation, I got 
out of bed the next day. 

WituraM Darracu (New York, N. Y.): How much do they swell up 
afterward? 

Dr. ALLEN: Very little if you ligate them below the profunda. 

G. Gavin MILLER (Montreal, Canada): Dr. Allen said he had had no 
deaths following ligation. I should like to report one. We had a patient with 
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an infarct; we ligated, and a few days later he died of embolism. We also had 
a death following ligation within six days. 

Dr. ALLEN: Were you able to get an autopsy on the patient that died? 
Do you know for certain that the fatal part of the embolus came from the 
side you ligated? 

Dr. Miter: No. 

Dr. ALLEN: We have been pretty lucky along that line, because I am 
perfectly certain that patients are going to die from the side that we have 
not ligated. This fear has made us more willing to do bilateral ligations. 

H. Gurtu Pretty (Montreal, Canada): Do you find any increase in the 
number of these cases as the result of using cyclopropane? 

Dr. ALLEN: Cyclopropane has not been used in this hospital since the 
fatal explosion that occurred in Boston. The trustees did the same thing 
about ethylene. We had three or four minor explosions with that and they 
said, ‘You cannot have it any more,” just about the time we had become 
fond of it; and the same thing happened with cyclopropane. We have not 
used any for a number of years. I had not realized it would increase this 
condition. 

Dr. Pretty: In looking up a great many cases of pulmonary emboli, we 
found that the great majority of cases in various hospitals occurred follow- 
ing spinal anesthesia; next in order were those following cyclopropane, and 
next in order those following open ether, on account of the slowing of the 
blood stream postoperatively. 

Dr. ALLEN: I cannot quote you the exact figures, but when Faxon 
looked over our fatal cases of emboli prior to the beginning of this recent 
work, he sorted them out as to the kind of anesthetic agent that had been 
used and came to the conclusion that here, at least, we could not see that it 
made any difference. The greatest percentage from any department came 
from the urological service, probably because they were dealing with a much 


older age group. 
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FRACTURES OF THE METACARPALS 
EXCLUSIVE OF THE THUMB* 


A NEW METHOD OF TREATMENT 


Ricuey L. WaAuGH, M.D. AND’ G. P. FERRAZZANO, M.D. 


Chief of Surgical Service, U. S. Marine Assistant Surgeon, U. S. Marine 
Hospital Hospital 


BOSTON, MASSACHUSETTS 


RACTURES of the metacarpals, although commonly regarded 

as trivial, are actually serious injuries frequently resulting in 

cripping deformities due to faulty union and contractures of the 
finger joints. This is largely a result of the difficulty in reducing 
the fracture and maintaining the proper position. Other factors are the 
lack of interest and the less consideration generally given to the early 
treatment and immobilization of these fractures than that given to 
fractures of the larger long bones. 

It is admitted that simple splinting is quite satisfactory in frac- 
tures of the metacarpals without displacement. On the other hand we 
are convinced that the deformities (Fig. 1) and disabilities which 
follow metacarpal fractures with displacement are due to the failure 
to properly reduce the fractures by the usual methods and the 
inability or failure to maintain the reposition (restoration of bone 
length and prominence of the knuckle). The latter is influenced no 
doubt by the endeavor to prevent loss of joint function by too early 
mobilization of the finger joints. 

Prior to 1932, practically all metacarpal fractures were treated 
by simple bandaging over a roller bandage with little or no attempt 
made to correct the displacement. 

In 1932, McNealy and Lichtenstein! pointed out the unsoundness 
of the roller bandage method of treatment and called attention to the 
mechanics involved in these fractures and advocated treatment with 
a straight dorsal splint with the hand in extension. Since then the 
trend has been to immobilize these fractures in extension, frequently 
using traction, with either a straight dorsal or a banjo splint. This 
form of treatment has been recommended by Scudder,? Key and 
Conwell,*? Magnuson,‘ Christopher® and others. In this connection 
Cotton® stated “there is no longer any excuse for treatment with the 
hand flexed either on the once much used roller bandage or the more 


* From the Surgical Service of U. S. Marine Hospital, Boston 
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modern aluminum substitute.’’ Owen’ also condemned the use of ‘“‘a 
roller bandage as a panacea for fracture of metacarpals.”’ 
Although the so-called extension treatment with or without the 
FRACTURES OF METACARPALS 
Middle shaft 


Oblique Fracture 


Distal End (Knuckle) Middle Shaft 


— 


Transverse Fracture Transverse Fracture 
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Counter- 
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M. Interosseus’ 
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Ligaments 


(Tenses interosseous muscles) Angulation Maintained 
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use of traction indicated progress in the treatment of fractures of the 
hand, joint dysfunction due to capsular contractures of the fingers 


ASS) 
= 
Fic. 1. | 
> 
| 
Fic. 2. 
| 


188 WAUGH, FERRAZZANO—METACARPAL FRACTURES 


frequently occurred after this form of treatment. Koch’ states that 
fixation of the finger joints are prone to occur with the metacarpo- 
phalangeal joints immobilized in extension or with the proximal 


interphalangeal joints immobilized in flexion. To prevent these 
contractures Koch advocates immobilization of the hand in the 
optimum position for function, 1.e., position of grasp. 

Further progress was made when Jahss,’ in 1938, reported a new 
method of treatment for the reduction of these fractures based on the 


Cork Capped Over End Plaster Dressing with Hand 
of Projecting Wire in Position of Grasp 


Plaster Dressing Applied 


Incorporating Cork over Pin 
Plaster Dressing with Hand 


in Position of Extension 


correction of the anatomical deformity with the metacarpophalan- 
geal and interphalangeal joints in flexion, and also with immobiliza- 
tion of the affected fingers in flexion. 

As indicated by Jahss we have found that the reduction of the 
deformity is facilitated with the metacarpophalangeal and proximal 
interphalangeal joints of the involved finger held at go degrees. 
Unfortunately, however, plaster immobilization of the fingers in 
flexion usually results in limitation of extension power of the fingers. 
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Such contractures frequently require intensive physiotherapy for a 
considerable period after the removal of the cast. In an endeavor to 
correct the anatomic deformity and at the same time to prevent the 
restriction of finger motions which follow the immobilization of the 
finger joints we present a new method of treatment for these 
fractures. 


TABLE | 
AGE RANGE AND METACARPAL INCIDENCE 
Ages: 15 to 47 
Hand: Left 5; Right 17 
Metacarpal: Single 20; Multiple 2 
(Both multiple fractures were of 4th and 5th) 
5th Metacarpal—15 3rd Metacarpal—4 
4th — 3 2nd —2 


TABLE II 
FRACTURES OF METACARPALS ACCORDING TO CLASS OF WORKER AND MODE OF INJURY 


Mode of Injury 


| 


Class of Worker | Falling iad | Struck or Total 
Fight Moving | Fall | Jammed 
Objects | Hand | 


Industrial 
Seamen 


TABLE III 
METHODS AND RESULTS OF TREATMENT 

Methods of Treatment: 

Closed treatment—16 Open treatment—6 
Indications for the Open Operations: 

Delayed union—1 Compound fracture —1 

Faulty union —3 Fracture-dislocation— 
Results (based on function and absence of deformity): 

Excellent 14 Satisfactory 7 Poor 1 


The method of treatment has been used in twenty-two cases of 
fractures of the four inner metacarpals, including both shaft and 
so-called “‘knuckle” fractures. The method is believed to be superior 
to the older methods of treatment. 

The basis of treatment, as indicated above, is the early correction 
of the primary anatomic deformity of the fracture and the rigid fixa- 
tion of the fragments, with the hand in the position of grasp (opti- 
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B 
Fic. 6. Roentgenogram showing fracture of distal end of fifth metacarpal; a, 
before reduction and s, after reduction with fixation by pin and plaster. 
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Fic. 7. Roentgenogram showing fracture of middle shaft 
of fifth metacarpal; a, before treatment; and bs, after 
treatment. 


Fic. 8. Roentgenogram of fracture followed by delayed union, third meta- 
carpal; a, ten weeks after injury; B, after open operation (intramedullary 
bone graft and fixation by pin and plaster); and c, one year after open oper- 
ation (good anatomical and functional result). 
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B Cc 
Fic. 9. Roentgenogram showing fractures of fourth and fifth metacarpals; a, 
before reduction; B, after reduction and fixation by pin and plaster; and c, 
six weeks after reduction. 
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mum function), but with all metacarpophalangeal and interphalan- 
geal joints free during the period of immobilization. 

The reduction of the fracture is accomplished by closed methods. 
The forearm is suspended vertically with the hand grasping a small 
trapeze. (Fig. 2.) The phalanges flexed over the small cylinder of the 
trapeze produces the traction and the weight of the forearm and arm 
the countertraction forces. The flexed proximal phalanx relaxes the 
interosseous muscles and tightens the collateral ligaments (Fig. 3) 
and synovia (capsule) of the metacarpophalangeal joint, thus allow- 
ing positive control of the distal fragment of the fractured meta- 
carpal. The actual reduction of the fracture is effected by compres- 
sion by means of the surgeon’s left index finger and thumb. (Fig. 2.) 
The pressure is applied over the flexed proximal interphalangeal 
joint, and the counterpressure over the dorsum of the hand (the site 
of the dorsally bowed metacarpal fragments). 

With the fracture reduced by the distraction and compression 
forces, rigid fixation is secured by means of a short Kirschner or 
Mathews wire about 214 inches in length inserted transversely as a 
“pinion” through the distal ends (heads) of the fractured and 
adjacent one or two metacarpals. (Fig. 4.) Novocain solution is used 
as a local anesthetic necessary at the site of the insertion of the wire 
and between the heads of the fractured and adjacent metacarpals. 

Finally, a very light plaster of Paris or starch bandage, incor- 
porating a small cork capped over the 14 inch of wire protruding 
through the skin (the site of insertion) is applied to the hand and 
distal half of the forearm. The fingers are not encased in the plaster 
or starch dressing but are free permitting motion of the metacarpo- 
phalangeal and interphalangeal joints. (Fig. 5.) The continued free 
motion prevents capsular contractures of the finger joints so frequent 
after the usual methods of tmmobilization, particularly after 
immobilization in extension. The immobilization (wire fixation with 
plaster or starch bandage dressing) is continued for at least three 
weeks. 

Usually after a week of physical therapy in the form of whirlpool 
and increasing active use of the hand, the patient can return to his 


usual work. 
SUMMARY™* 


1. The seriousness of metacarpal fractures, commonly regarded 
as trivial injuries but frequently resulting in crippling deformities is 


* Since the presentation of this paper, the authors have treated ten additional pa- 
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emphasized. These disabilities far in excess of the apparent impor- 
tance of the fracture are due, to a considerable extent, to the lack of 
interest and the less consideration generally given to the early treat- 
ment and immobilization of these fractures than that given to 
fractures of the larger bones. 

2. The difficulties of treatment with special reference to past 
progress made in the treatment of these fractures are briefly reviewed 
and discussed. 

3. A new method of treatment used in twenty-two cases of frac- 
tures of the four inner metacarpals including both shaft and the 
so-called knuckle fractures is presented. This method is believed to 
be superior to the older methods of treatment. The basis of treat- 
ment is the early correction of the primary anatomic deformity and 
the rigid fixation of the fragments, with the hand in the position of 
grasp (optimum function) but with all metacarpophalangeal and 
interphalangeal joints free during the period of immobilization. 

4. The results of treatment are shown in the accompanying 
tables and representative roentgenograms. 
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EXPERIENCE WITH BURNS AT THE 
HOSPITAL FOR SICK CHILDREN 


ALFRED W. FARMER, M.D. 
On Staff of Hospital for Sick Children 
TORONTO, CANADA 


UE to the limited space, it was decided that rather than stim- 
D ulate any debate concerning the relative merits of different 
forms of therapy, to tell the realities as we have found them. 
With minor exceptions my ideas on results will not be presented, as 
they would add little to the already voluminous writings on the 
subject. Certain events concerning burns, however, appear to have 
been largely overlooked or to lack emphasis in the literature. It is 
chiefly to these that attention will be drawn. Thus this paper deals 
principally with facts about cases treated as in-patients from 1913 to 
1942, all of these since 1932 being looked after by the author. 

Nineteen-thirteen was picked, as from this date suitable records 
have been kept and are available. The cases which number over 1,800 
are divided into four periods. In August, 1925, tannic acid was used 
first, so that this represents the end of the first period. Statistics until 
1928 were gathered by Dr. R. I. Harris, who was then on the hospital 
staff. Thus this time has been taken as the end of the second interval. 
The third goes to the end of 1937, when sulfonamides were first used 
in our cases of burns, and the last is until the end of 1941. 

The table (Table 1) by which the area of surface affected was 
deduced is shown. This is practically the same as Berkow’s table. 
Allowances were made for discrepancies in this due to dealing with 
children of different ages. Until 1928, Dr. Harris made rough meas- 
urements of the areas and used no specific chart. 

The second table shows the mortality statistics for the period 
1913 to 1925. The causes for death have been divided into shock, 
toxemia and sepsis. These terms as used here must be defined. Listed 
under shock are those who died within ten hours of the accident, 
provided they did not show the signs ascribed to the next stage. The 
shock as herein described is what is called primary shock. It is my 
opinion that the term primary shock as applied to burns might well 
be dropped, and this column be added to the next. The shortest time 
in this whole series between accident and death was two hours, which 
is plenty for the development of the general reaction to a severe burn. 
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The term, “toxemia,” as used here is referred to more commonly 
as secondary shock, or occasionally secondary shock and toxemia. 
Because of my belief that toxins cause the “‘oligemic anoxia’”’ called 


TABLE I 


PERCENTAGE OF TOTAL BODY SURPACE OF COMPONENT PARTS 


AS USED AT THE HOSPITAL FOR SICK CHILDREN 


BODY 38% FRONT 12 BACK I2 OWE SIDE 7 (X2) 
16% ONE AR 3} ONE FOREARM ONE HAND 2 (X2) 
L=cs CHI TYIGH IT ONE LEG 6 ONE FOOT 2 (X2) 


secondary shock, as well as the other findings in this stage, all 
patients dying with these features have been listed under the one 
heading. This group of signs and symptoms are easily noted in burns 
of moderate or severe degree. They include an elevated temperature. 
This is usually about 101° to 102°F. and varies somewhat depending 
upon a number of factors, such as the extent of burn, the size of 
patient, etc. There is a fast pulse rate out of proportion to the 
temperature. Next, there is drowsiness, which may go on to coma 
and death. This drowsiness is occasionally disturbed by periods of 
irritability. Often there are localized twitchings and sometimes 
generalized convulsions. Vomiting commences early in severe burns. 
It may become continuous and in appearance is like coffee grounds. 
There is bright red blood occasionally. The limbs become moist and 
cold. One can blanch a grayish blue area on a limb and the return of 
color is very slow. The blood pressure falls eventually. The urine is of 
small volume and has a high specific gravity. Albumin may appear in 
severe cases as well as hyaline and granular casts. Acetone may be 
present. 

Death while the above mentioned clinical features are manifest, 
has been listed under toxemia in this classification. The earliest was 
about four hours after the accident, although most occurred in three 
to four days, while a small number of cases were as late or later than 
ten days. If the blood is examined, it is found that changes have 
happened before the clinical findings are noted, great emphasis being 
placed in recent years on the hemoconcentration. While these 
changes occur before the clinical signs and symptoms, they may be 
largely or completely corrected before the patient dies. Under the 
column of sepsis are listed the cases who had a swinging type of fever 
and discharge from the burn area. The blood culture may or may not 
have been positive. 
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During the period 1913 to 1924 (Table 11) the average mortality 
rate was 34.2 per cent. The shock and toxemia columns take in most 
of the deaths. The yearly admissions rose during this time to nearly 


TABLE II 

YEAR TOTAL BURNS DEATHS SHOCK ‘TOXAEMIA SEPSIS 
1913 II 6 (55%) 6 

1914 18 7 (39%) 2 a I 
1915 22 8(36.4%) 5 3 

1916 37 14(37.8%) 2 8 4 
1917 47 18(38.3%) 7 9 2 
1918 29 10(34.5%) 6 I 3 
1919 35 I1(31.4%) 2 8 I 
1920 38 13(34.2%) 3 7 3 
192I 35 13(37%) 2 7 4 
1922 46 13(28.3%) 3 8 2 
1923 48 10(20.8%) I 7 2 
1924 46 14(30.4%) 5 5 4 


fifty. The local treatment varied between vaseline, picric acid, 
ambrine and sodium bicarbonate. The general therapy included 
infusions of saline, calctum chloride and calcium lactate. The first 
transfusion was performed in 191g. The first exsanguination trans- 
fusion was in 1920. The average survival time excluding deaths after 
ten days was 1.7 days. A large number died in the first twenty-four 
hours. 


TABLE III 
TOTAL BURNS DEATHS SHOCK TOXAEMIA SEPSIS 
1925 60 10(16.6%) I 5 4 
1926 $2 9(17.3%) 2 2 5 
1927 68 10(14.7%) I 4 5 
1928 50 8( 16%) I 4 3 


The next table (Table 11) takes the same statistics from 1925 to 
1928 inclusive. The average number of admissions increased a little. 
The mortality rate dropped suddenly to approximately one-half of 
those previously recorded, now being 16.1 per cent. The first column 
claimed fewer lives. The percentage of deaths due to sepsis when 
compared to the addition of the other two columns rose. In this 
period local treatment was tannic acid. General treatment included 
whole blood transfusions, exsanguination transfusions and intrave- 
nous electrolytes. The average survival time (excluding death after 
ten days) was 3.4 days, which represents a considerable improvement 
over that of the previous period. 


i] 
* 
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Table tv takes the data until 1937. The average number of admis- 
sions increased to eighty-five. The mortality rate dropped still 
further to 11.8 per cent. Toxemia claimed most lives. Sepsis still 


TABLE IV 
YEAR TOTAL BURNS DEATHS SHOCK  TOXAEMIA SEPSIS OTHER CAUSES 
1929 72 7(9.7%) I 2 2 2 
1930 87 14(16.1%) 2 8 3 I 
1931 84 8(9.5%) I 7 
1932 90 16(17.7%) ° 9 2 5 
1933 116 12(10.3%) 8 4 
1934 62 7(11.3%) I I 
1935 106 6(5.7%) T 4 I fe) 
1936 80 I1(13.8%) ° 4 4 3 
1937 85 10(I1.8#) I 9 ° ° 


played a part but this was less serious. A new column was introduced, 
because in a children’s hospital due to intercurrent infections, It was 
impossible to ascribe all the deaths to the foregoing three columns. 


TABLE V 


BURNS TREATED WITH FERROUS OR FERRIC CHLORIDE 


NUMBER EXTENT 
56090 621 B Less than 5% 
60058 672 A 5- 

67076 623 A 5% 

66986 673 B Less than 5% 
71938 624 A 5-10% 

81884 65I B 5-10% 

82110 652 B 5% 

82223 655 A 5% 

83364 66I A 30% 

83579 676 B 5-10% 

83660 665 A 5% 

83678 666 A 1% 

83791 666 B 5; 

83793 668 A 5-7% 

83908 668 B 5% 

83934 669 A 5-10% 

84055 669 B 5% 

84088 670 A 5% 

84397 678 A 5-10% 

a46I1I 679 A Less than 5% 
84640 679 B 15 

84720 680 A 5- 

84723 680 B 35%----- Death 
84851 A 5-10% 

84922 681 B Less than 5% 


One death (35%) burn - considerable trouble due to infection - 
toxaemia noted in some cases but extent of burn not great 
except in one case of sunburn. 


The local treatment still remained mainly tannic acid. Whenever any 
new idea seemed to merit, it was tried on a selected number of cases. 
For example Table v shows the twenty-five patients on whom ferric 
and ferrous chloride solutions were used. The general treatment still 
consisted of blood transfusions and intravenous electrolytes in the 
early stages. Exsanguination transfusions were discontinued, the last 
being performed in 1930. The survival time (excluding deaths after 
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ten days) was 3.8 days, which represents a slight improvement over 
the preceding period. 
Table vi shows the period from 1938 to 1941 inclusive. The 


TABLE VI 


4(4.0%) 
1(1.7%) 
1(.9%) 


TABLE Vil 


MORTALITY RATES 


- 1924 35.2% 
- 1928 16.1% 
1937 II.8% 
1941 


TABLE VIII 
AVERAGE SURVIVAL TIME 


EXCLUDING DEATH-AFTER IO DAYS 


I9I3 to 1924 inclusive I.7 days 
1925 to 1928 ” 3.4 days 
1929 to 1937 3.8 days 
1938 to 1942 : 5.0 days 


average number of admissions except for a small year in 1939 was 
over 100. The mortality rate for this period was 2.9 per cent, which 
is a marked drop. The deaths are practically all due to toxemia, there 
being none from sepsis in the last three years. The average survival 
time (there were no deaths after ten days) was five days. The early 
local treatment in this period was chiefly tannic acid. Sulfonamides 
were used locally and generally in the later stages. General treatment 
in the early stages consisted of blood transfusions, normal and con- 
centrated serum and intravenous electrolytes. Cortin has been used 
since 1939 in severe cases. Table vii compares the mortality rates in 
the periods described and Table viii gives the average survival time 
(deaths after ten days excluded). While the ten-day exclusion date 
was chosen because of the prevalence of contamination or infection 
in deep burns after the lapse of such a period, we have had patients 
die after this time with what we have listed as toxemia, as there was 


YEAR TCTAL BURNS DEATHS SHOCK TOXAEMIA SEPSIS OTHER CAUSES 
1938 100 2 I I 
I9IS 
I929 
I938 
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no clinical evidence of infection. The toxemia of infection, when 
added to the severe illness of the early stage, is more likely to cause 
death, when either factor alone may not produce such an end. 


TABLE Ix 
BURNS 


MORTALITY ARRANGED ACOORDING TO ~ 
THE EXTENT OF THE BURN I9I5-1928 


NUMBER DEATHS MORTALITY 
391 30 7.7% 
IO to 20% 134 52 38.8% 

20 to 30% 34 23 67.6% 
30 to 40% 35 24 68.6% 
40 to 50% 16 16 100.% 
50 to 60% i II 100.% 
60 to 70% 7 7 I00.% 
70 to 80% II II 100.% 
80 to 90% 3 3 100.% 

642 177 27.5% 

TABLE X 
BURNS 


MORTALITY ARRANG=D ACCORDING TO THE 


EXT=NT OF THE BURN (1929-1937) 


NOMBER DEATHS “ORTALITY 

5% or less 473 II 2.3% 
5-10% 174 8 4.6% 
10-20% 65 20 3.8% 
20-30% 39 26 66.6% 
30-40% II 7 63.7% 
40-507 a 7 87.5% 
50-60% 4 4 100- % 
60-70% 4 100. % 
70-303 I I 100. % 
80-90% 2 2 100. % 
90-100% I I 100, 7% 
782 11.8% 


The cases in the four periods as previously outlined were then 
investigated as to the mortality rates depending on the extent of the 
burn. The first two periods are put together in Table 1x. It is to be 
noted that no cases with over 40 per cent of the surface area affected 
lived. The mortality rate rose very rapidly after 10 per cent and 
approximately one in three patients between the 1o and 20 per cent 
areas died. 
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Table x takes the same statistics until the end of 1937. Here the 
cases were further broken up into area of 5 per cent or less, and areas 
between 5 to 10 per cent. It is seen that there is practically no change 


TABLE XI 
BURNS 
M ‘A ARRANGED ACCORDING 104 


OF THE BURN (1938-1941) 


NUMBER DEATHS MORTALITY 

5% or less 247 I 0.6% 
5-10% BI I 1.2% 
10-20% 32 I 3.3% 
20-30% 6 2 33.3% 
3 2 66.6% 
40-50% 2 2 100. % 
50-60% 2 2 100. % 
60-707 100. % 
70-80% 100. % 
80-90% 100. % 

373 II 2.9% 


between these figures and those of the preceding table, which mainly 
represented forms of therapy other than tannic acid. It must be 
remembered, however, that the former table concerned the cases 
until 1928. The figures for surface area were obtained by Dr. R. I. 
Harris, and it is my opinion from review of the charts of these cases 
that there was some error of estimation on the high side. Thus a 
truer comparison between this and the preceding table is that of total 
mortality rates, which it is seen have fallen greatly. In the statistics 
since 1928 erythema was not included in the estimation of the surface 
affected. 

Table x1 takes the same statistics until the end of 1941. While the 
total number is approximately one-half that of the two preceding 
tables, the mortality rates have fallen markedly in the 10 to 20 per 
cent groups, and the 20 to 30 per cent groups, where it is the rule 
rather than the exception now to have the patient live. 

Table x11 analyzes the reasons for death in the burns of 5 per cent 
or less from 1929 to 1942. Sepsis and intercurrent infection have been 
the main causes. Toxemia has been listed in two cases in which there 
is a possibility for difference of opinion. This explains the query after 
each case. The main thought to be derived from the foregoing is that 
burns under 5 per cent in area are not serious from the standpoint of 
secondary shock or toxemia. 


| 
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Many of the mortalities were followed by postmortem examina- 
tion. The findings were remarkably uniform depending upon the 
period between accident and death. From the examination of reports 


TABLE XII 


BURKS 


PORCENTAGS OF BURNS OF 5 3 OR LUSS 


IN CXTENT BY “EARS 


1929 55 16.3% 
1930 63.2% 
50 59.5% 
1932 40 44.4% 
1933 66 56.9% 
1934 39 62.9% 
1935 70 66 
1936 54 67.5% 
1937 43 50.5% 


1938 68 68.0% 
1939 3I 53.5% 
1940 80 74.1% 
194I 66 63.5% 


HISTORY NUMBER TIME OF DEATH(DAYS) 


97951 4 
110888 2 

IIS710 7 
1163568 2 
10625 - 
IIS7SI - 
95280 - 
95740 4 
118082 3 
I20152 - 
120554 3 
I20663 
121997 - 


MORTALITY 


FOR YEAR 


9.7% 


16.1% 


9.5% 
17.7% 
10.3% 
II .3% 

5.7% 
13.8% 
11.8% 
6.0% 

1.7% 
0.8% 
4.7% 


TABLE XIII 


CORTIN I4 CASES 


BUR 


sepsis) 
intercurrent) 


sepsis) 


(I 
(2 
(I toxaemia?) 
(I 
(I intercurrent) 


(intercurrent) 
(sepsis) 
(sepsis) 


(2 intercurrent) 


(toxeemia 7?) 


EXTENT OF BURN AGE IN YEARS 


46% 8 
55% 3 
Less than I0% I 
20% 3 
40% I 
30% 6 
10% 3 
25% II 
50% 2 
40% 9 mos. 
10% 4 
30% 9 
25% 2 
25% 3 


14 cases---8 deaths---average extent 38.2---average survival 


time 3.6 days 


6 survivels---average extent 18.3% 


of fifty-six autopsies between 1920 and 1942, the following items 


were found: 


Following death in the first twenty-four hours (twelve cases) 
there was mainly congestion of viscera, with petechial hemorrhages 
in the organs and connective tissues. This was most noticeable in 
liver, lungs, spleen, lymph glands, kidneys and adrenals, and in the 


3 
3 
I 
I 
I 
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subpleural and subpericardial connective tissues. The head was not 
often included in the examination, but when it was, the same condi- 
tion obtained here. Congestion in the gastrointestinal tract was not 
prominent at this time. It seemed to begin in the first part of the 
duodenum with more widespread involvement later. Rarely there 
were beginning fatty changes in the liver, and in one case there was 
some degeneration in the tubules of the kidneys. 

Following death in the forty-eight-hour period (nine cases) the 
preceding changes were more accentuated. The congestion was more 
marked, petechiae were widespread and perhaps larger. Edema made 
Its appearance. The liver changes were more advanced, with central 
liver necrosis. Two cases showed nephrosis. There were cases of 
congestion and erosion (not deep ulceration) of the mucous mem- 
brane in areas in the esophagus, stomach and duodenum. The lymph 
glands were edematous, large, and congested, and showed petechial 
hemorrhages. This included the regional as well as the mesenteric 
and mediastinal glands. Quite often the term, acute mesenteric 
lymphadenitis, was used in the description. In one microscopic 
report it was noted that there was an increase in reticulo-endothelial 
cells and some of these showed phagocytosis for broken down red 
blood cells. 

In death in three days (seven cases) liver damage was the most 
striking feature. There was extreme fatty degeneration. Degenera- 
tive changes in the kidney epithelium were more advanced. The 
lungs were congested and edema was greater. In death in four days 
(seven cases) the liver alteration progressed to actual necrosis with 
loss of large portions of the central vein area, collapse of the sinusoids 
and hemorrhage. The few remaining cells contained fat vacuoles and 
appeared degenerating also. All of the cases at this time showed 
nephrosis. The hepatic, and renal changes were the outstanding 
features. The other fairly constant findings were pulmonary conges- 
tion and occasional small hemorrhages in many organs. 

In death in five to seven days (six cases) there were no additional 
features. There was seen a diminution in the intensity of the previous 
changes. Five of the six cases autopsied at this time showed early 
bronchopneumonia. This is an important factor for those treating 
burns to remember. The adrenals were still congested and there was 
one duodenal ulcer in this group. 

In death in eight to ten days (four cases) very interesting changes 
were found. There was evidence that healing was taking place in the 
liver. The liver cell débris was gone. There was still some fat in the 
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periportal region, but in the center of the lobule regenerating liver 
cells were present. There was some hemosiderin deposition in the 
Kupffer’s cells. The kidneys, however, showed more advanced 
changes than seen before. The convoluted tubules were dilated, 
epithelium was degenerating, and granular casts appeared in them 
and in the collecting tubules. 

In death in eleven days to twelve weeks (eleven cases) the picture 
is not so clear. Infection with septicemia had been added in eight out 
of eleven. The organisms were Staphylococcus aureus in two, 
haemolytic streptococcus in three, and Bacillus pyocaneus in three. 
The kidney changes became insignificant. 

While the facts as given are in general true, it is only fair to state 
that there is much variation in the individual picture. Thus, a two- 
year old child dying of a 20 per cent scald in four days showed 
extensive liver necrosis, while a five-year old with a 60 per cent fire 
burn, dying after the same interval, showed only moderate and early 
central necrosis. 

The question of exsanguination transfusion will be briefly dis- 
cussed. The experience of our hospital in this regard was never 
published. It was begun in 1920 by Dr. Bruce Robertson, who had a 
particular interest in burns, and discontinued in 1930. There were 
eighty-five transfusions performed during this time for burns and 
still more for other conditions. It consisted in the withdrawal of 
50 cc. of blood per pound of body weight and the replacement with a 
slightly greater amount from a number of donors. The withdrawal 
was started first, and after an interval the two acts proceeded to- 
gether. Many cases appeared to be improved following the operation. 
It was because of this that the procedure was continued for ten years. 
As much as 1,000 cc. of blood were given to a one-year old child 
which was later repeated. The operation was difficult and lengthy 
and was attended with a certain mortality rate directly attributable 
to it. Thus it was finally discontinued. 

Certain other facts concerning the cases are worth mentioning. 
Many years ago there was a 10 per cent incidence of surgical scarlet 
fever in the patients with burns. Since the introduction of a routine 
dose of scarlet fever antitoxin, there have been two cases only in 
considerably over 1,000 burns. One of these received the prophylactic 
dose. The other was an infant to whom it was not given as it was 
planned to discontinue its use after the inception of the sulfonamides. 

Five cases only developed visible jaundice. Two of these re- 
covered. There were only two cases of gross hematuria. Many cases 


~ 
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vomited bright red blood. This did not mean necessarily a deep 
duodenal ulcer. Postmortem examination usually showed a super- 
ficial erosion of the lower part of the esophagus, stomach or duo- 


Fic. 1. S. G., age six years; suffered 60 per 
cent burns. The patient died in fifteen 
days from sepsis. 


denum. About one in ten admitted cases since 1928 required skin 
replacement. While grafting has been performed in less than one 
month from the time of the accident, following tanning, this is the 
exception, and six weeks is nearer an average. 

Three cases of gangrene of the fingers have been seen. None of 
these were treated by tannic acid. It is thought that the very great 
reduction in peripheral circulation together with the trauma is 
probably the main cause of this complication and not the treatment. 
Recently in the literature the firm tannic acid eschar has been 
condemned in this regard. 

While it is obvious from the statistics that all patients with burns 
of large surface area have died, attention is drawn to the fact that 
many of the patients with the largest fire burns, which are presum- 
ably deeper on an average than scalds, lived for considerable lengths 
of time. One such example, of which there were many, is shown in 
Figure I. 

Concerning the value of cortin, we are unable to make any 
definite statement. It has been used since 1939 in fourteen cases. It 
has been reserved because of expense for those cases in which it was 
surmised that death might ordinarily be the end result, and for those 
in which the clinical picture was very serious even though the extent 
of the burn was not so great. It was started frequently after a number 
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of days and only when the patient became suddenly seriously ill. In 
such a case there was always a rapid improvement, which, however, 
might last for a few hours only. This improvement was judged by _ 
clinical observations, there being a return from unconsciousness 
often, a raised blood pressure, from one which could not be recorded, 
etc. Cortin* is supposed to be free from pressor or depressor sub- 
stances. In the cases of burn it has been used in large doses. For 
example, a three-year old boy with a 25 per cent fire burn was started 
twelve hours after the accident on 25 cc. intravenously and continued 
with 5 cc. every two hours for four days. This means a total of 80 cc. 
in the first twenty-four hours, and 60 cc. a day thereafter. He did not 
show the expected degree of hemoconcentration, nor did he show the 
usual clinical signs in great severity. However, as stated previously, 
while the impression is that cortin is of value, no definite inference 
can yet be drawn from our cases. 

In conclusion, interesting features from over 1,800 acute burns of 
which approximately 1,000 were under my care have been discussed. 
In the last three decades there has been a progressive rapid fall in 
mortality rates, both when based on numbers of hospital admissions 
and on area burned. The first great reduction (35.2 to 16.1) was 
coincident with the use of tannic acid. Following this there was a 
gradual reduction until the final period when there was again a 
sudden rapid reduction (11.8 to 2.9 per cent). This was coincident 
with more intensive early general treatment, but other factors may 
also have played a part. It is thus emphasized that intensive early 
general therapy must not be neglected in large burns; also while there 
is as yet no ideal local application for all burns, the changing of a 
large wet wound, often painful, into a dry comfortable surface (with 
such a substance as tannic acid) remains an excellent form of therapy. 
Infection has been a negligible factor in mortality in recent years and 
a minor cause for morbidity. It is not believed that the number of 
cases proceeding to grafting after coagulation therapy is greater than 
after other types of treatment. 


Thanks are due to Dr. R. I. Harris for his records until 1928, and also 
to the Department of Pathology for their meticulous reports. It is to be 
hoped that the latter will make on their own account a more comprehensive 
publication of their material. 


* The cortin used is manufactured by the Connaught Laboratories, University of 
Toronto, and dispensed as a sterile aqueous solution, biologically standardized to contain 
30 dog-units per cc. 


FARMER—EXPERIENCE WITH BURNS 


DISCUSSION 


J. Huser WaGNER (Pittsburgh, Pa.): The thought came to me, as I 
saw these wonderful statistics presented of this marked drop in death rate 
due either to shock, shock toxemia, or what you will within five days or 
forty-eight hours, that we cannot attribute this all to the method of treat- 
ment but to the fact that burns are being recognized as major surgery 
and the patients are now being sent to hospitals, whereas in previous years 
many of these were treated and died at home. The minor burns that were 
once treated at home are now being treated in a hospital; therefore we know 
that as the number goes up, the classification is more widespread and it 
gives a chance for these statistics to be brought down. I am not belittling 
the paper in any way or the method of treatment, but the fact remains 
that that is a possibility. 

The fact still remains that burns are major surgery and if treated as 
major surgery such as we know with these modern aids, transfusions, 
plasma and proper local treatment, our results will be better. 

I should like to have heard the statistics of the number of days in the 
hospital, but that was not available. But we do know that in many of our 
cases of burns, first and second classification, the stay in the hospital is 
very limited, whereas with a third or a little beyond a third, a fourth, if 
you will, if the burned area does not extend over 40 per cent, with our 
modern methods we have an excellent chance of saving the child’s life, 
and with later skin grafting, of bringing him around to a normal, healthy 
individual again. 

I am quite in accord with the modern trend as I believe that with the 
use of tannic acid, there is quite a possibility of tanning some tissue that 
might, if treated by some milder procedure, still live and be viable; whereas 
if it is on the border, tannic acid takes away what little live tissue might 
be left and may possibly cause a little deeper burn in itself. 

I think the method of compression treatment that has recently been 
advocated by Siler is quite in accord with what has been done in our clinic 
since 1915 and 1916. We still believe that the paraffin wax is an excellent 
method of treatment. It allays pain immediately, and when properly 
applied, after the first dressing causes no discomfort whatever. 

The eschar method, we know, is certainly of minimum value when 
compared with tannic acid. The thought that has been brought out by 
Blair, of compression intelligently applied, with something definite in mind, 
has, I think, been an excellent contribution. We believe that this modern 
treatment of vaseline plus the sponge dressings is in a sense what we have 
been doing with wax for a number of years, and it is my opinion now that 
it is our tendency, rather than to treat these patients every second day, 
to carry our wax dressings as long as six or eight days with good effects. 

Dr. Farmer’s paper is an excellent presentation. I think the work done at 
Toronto Sick Children’s Hospital is as good if not better than that done at 
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any place I have known. We do not keep statistics. Ours is not a teaching 
institution, so what we have are mostly impressions rather than the actual 
facts; but I believe, by and large, that we save as many children as has been 
shown here, and I know that we are getting many more burns to treat that 
are less severe than has been the case in the past. 

E. Payne PALMER (Phoenix, Ariz.): For the past two years we have 
been carrying on experimental work in shock, and we believe that the 
emergency treatment of shock in burns is as important as in fractures. 
These patients should be treated at the site of the burn. First relieve the 
shock and then treat the burn. Many of these patients die of shock on the 
way to the hospital or shortly after they arrive in the hospital. Therefore, 
we must have a remedy which we can administer at the place of the 
accident. 

Using a number of chemicals and drugs, we have found that we have had 
only one that has given us satisfactory results. These experiments which we 
have carried out show that there has been a depression of the muscle tone, a 
depression of the venous system and a slowing down of the blood current, 
and the only remedy that we have been able to give that could stimulate 
muscle tone, lowered venous tone and bring about a return of the venous 
flow has been coramine. I will not give you the chemical name because it is 
rather complicated. We found that it is necessary to give this in large doses, 
both to children and to adults, depending upon the age of the child. The 
adult that is unconscious should get it intravenously and not intramuscu- 
larly, because if you give it intramuscularly or subcutaneously, you will 
get no effect that will relieve the shock. 

The conscious patient should be given 5 cc., and repeated 10 or 5 cc. as 
necessary in the child, in proportion to its age. Shortly after the administra- 
tion, the patient takes a deep breath, there is an improvement in the color, 
the patient who Is unconscious becomes restless, there is an improvement 
in muscle tone, in venous tone and in the return circulation. 

You can administer this with no fear of toxicity, because if toxicity 
occurs, you are getting the physiologic effect that you want to obtain. You 
want to get a muscle tone and push the blood back into circulation. You 
want to get your venous circulation going. If toxicity occurs, the only thing 
you are going to get Is a slight convulsion which will soon pass away. So to 
those of you who have not been using this drug, I am not advocating a 
particular thing except for the benefits which you will derive by the use of 
this remedy. 

Dr. Farmer’s presentation has been a wonderful thing. There is one 
thing that I would like to stress: That tannic acid should not be used on the 
face and on the hands, that normal saline in your compression dressing 
would give you the best results. Severe burns should have early skin graft- 
ing. Do not wait until a large amount of granulating tissue forms. I would 
also emphasize early mobility. Have the patient use his extremities early 
and get the muscle tone back to normal as soon as possible. 
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ALFRED W. FARMER (closing): I have been asked to detail the factors 
which I think have played a part in the improvement in the last three 
decades. Of course, the greatest improvement came immediately in 1925 on 
the use of tannic acid, and that we believe was due to tannic acid and due to 
the heightened interest in burns at that time. 

Second, the last great drop which came in the mortality rates was since 
1938, and I believe that is due to the early treatment we give the patient. 
As Dr. Palmer has said, we would treat the patient in the first twelve hours 
or twenty-four hours or forty-hours very intensively, for what may be 
called secondary shock or toxemia. 

Dr. Wagner emphasized that patients with minor burns are now coming 
into the hospital. That was the reason we made some estimate of the surface 
area of burn, because that has always been the criticism of any figures which 
have come out in the literature concerning increase in mortality rates, or 
decrease in mortality rates, and it is absolutely necessary that one define 
what he is dealing with in the way of burns as far as surface area, if possible, 
and, if possible, depth, too; but that we find impossible in a paper of this 
kind. 

Concerning the stay at the hospital, our patients remain in the hospital 
about two to three weeks, if the burn is not all the way through the skin; 
and if it is and they need skin grafting, we are able to skin graft them in four 
to six weeks after they have had tannic acid applied and removed. We have 


grafted people within three weeks of the time a tannic acid coating has 


been applied. 

Referring to coramine which Dr. Palmer discussed, I do not know any- 
thing about it. We administer coramine to those patients who look very 
sick, but why, I do not know. 


TRAUMATIC ARTERIAL ANEURYSMS OF 
THE PERIPHERAL ARTERIES* 


PATHOLOGY, CLINICAL MANIFESTATIONS, DIAGNOSIS 
AND TREATMENT 


Mims Gacg, M.D.+ 
Diplomate of the American Board of Surgery 
NEW ORLEANS, LOUISIANA 


UE to our participation in the present worldwide conflict, 
opportunities for observation and the study of all characters 
and types of wounds will be unlimited. The opportunity to 

increase Our knowledge of vascular pathology will be greatly en- 
hanced by the inevitable traumatic injuries to the peripheral vascu- 
lar tree. That vascular injuries both systemic and peripheral will 
occur in a rather high percentage of the wounded is revealed by the 
statistics of World War I. According to Matas,! 20 to 25 per cent of 
the wounded reaching the first post of surgical relief will present 
wounds of the vascular system. Therefore, those that survive the 
primary vascular injury without loss of limb, will have as a sequela 
to the vascular injury, traumatic arterial and arteriovenous aneu- 
rysms. In World War I, Makins? compiled 523 traumatic aneurysms 
from various British hospitals, chiefly from London, while Solomon,’ 
in Germany, estimated that fully 1,400 traumatic aneurysms had 
been operated upon up until 1918. 

The incidence of traumatic aneurysms, according to Matas’s 
statistics, ranged from 1 to 2 per cent of the wounded. Therefore, the 
incidence of traumatic arterial aneurysms is very low, when one 
considers that the 1 to 2 per cent incidence includes both the arterial 
and arteriovenous types. If one considers only the pure traumatic 
pseudo-arterial aneurysm, the incidence will still be lower. There are 
many factors that are contributory to the low incidence of traumatic 
aneurysms. Where large vessels are injured, the individual receiving 
the injury usually succumbs before he can receive first aid treat- 
ment. In those cases in which early treatment can be successfully 


* From the Department of Surgery, School of Medicine, Tulane University and the 
Ochsner Clinic, New Orleans, Louisiana. 
+ Dr. Gage is now on active duty at General Hospital No. 24, Tulane Unit, Fort Benning, 
Georgia. 
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given, the bleeding vessels in the majority of cases are immediately 
ligated. In a rather high percentage of these cases, subsequent infec- 
tion or ischemic gangrene necessitates amputation. Therefore, in the 
patients who have early ligation of the injured vessels and in the 
more unfortunate who lose these injured extremities, aneurysms 
cannot occur. 

Again the anatomical location of the vessel injured plays an 
important rdle in the development of an aneurysm as a sequela to 
vascular injury. In the arteries that are more or less fixed in their 
anatomical position by the surrounding tissue as well as by the 
numerous vascular branches, they cannot bend or be caused to move 
out of the path of the projectile, by the pressure produced within the 
tissue, following the explosive violence of the bullet or shell fragment 
as It is motivated through the subcutaneous tissue. Whereas when 
the vessel or vessels are embedded within very loose cellular tissue 
and the vascular branches are scarce or absent, the vessel can, so to 
speak, dodge the missile. Therefore, the latter vessels will escape the 
type of injury necessary for the production of an aneurysm. 

The incidence of traumatic aneurysms also will vary according to 
the vessels involved. Thus Makins states that the highest incidence 
was in the femoral tract. His statistics relative to the frequency of 
traumatic aneurysms to the vascular tree were as follows: femoral, 
34.2 per cent; popliteal, 17.6 per cent; carotid, 17.5 per cent; axillary, 
12.2 per cent; brachial, 9.5 per cent; subclavian 6 per cent and the 
other vessels less than 1 per cent. The incidences as stated above 
correspond more or less to the fixation or flexibility of the vessels. 

As traumatic injury to the peripheral vessels results in both the 
arterial and arteriovenous types of aneurysms, only the former will 
be discussed in this presentation. 

Traumatic arterial aneurysms can be classified etiologically as 
follows: (1) those due to bullet or shell fragments of high explosive 
shells and hand grenades, (2) splinters of glass and bomb fragments 
(air raids), (3) those due to stab wounds such as knife, bayonet and 
sharp, knife-like splinters of glass, and (4) those due to fractures of 
the long bones that are in close anatomical contact with the main 
peripheral arteries. The wounds of the soft parts associated with the 
above types of injury are divisible into punctured wounds and 
opened and lacerated wounds, the punctured wounds predominating 
in those cases that develop aneurysms. 

The wounds of peripheral arteries secondary to the above types 
of injury can be classified into four groups (Fig. 1): (1) those in which 
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a large segment of the artery is destroyed, (2) those in which the 
artery is completely severed with destruction of the two arterial 
stumps, (3) those in which there is only partial or incomplete sever- 


Fic. 1. Drawing showing the more common types of trau- 
matic wounds of the arteries: (a) through-and-through 
wound; (b and c) lateral wounds with incomplete sever- 
ance of the vessel wall. This type is dangerous due to the 
contracting longitudinal fibers which keep the wound 
open. (d) Complete severance knife wound; (e) destruc- 
tion of vessel with complete severance, and (f) contusion 
of the arterial wall. 


ance of the artery (lateral wounds), and (4) those in which the 
arterial wall is contused without primary loss of arterial wall 
substance. 

In group one, in which a large segment of the artery is destroyed, 
the accompanying wound is usually an extensive lacerated and 
contused wound. The tissues about the artery as a rule reveal exten- 
sive destruction. This extensive destruction of muscles so frequently 
destroys the collaterals, that the majority of these patients bleed to 
death before aid can be given. If death does not occur immediately, 
and the individual reaches a first aid station, the vessels are ligated 
and the wounds débrided. Traumatic aneurysms seldom if ever 
develop in this type of injury. However, the percentage of ischemic 
gangrene necessitating amputations is very high. In group two a 
similar wound may be inflicted and the sequence of events take place 
as in group one. However, in group two if the wound of the soft 
parts is not extensive, bleeding may stop spontaneously by hema- 
toma formation, which may give rise to latent aneurysm formation. 
Cases of this character, however, should be operated upon immedi- 
ately, the devitalized tissue removed and the injured vessels resected 
and ligated. This prophylactic procedure will prevent the subsequent 
development of pseudo-arterial aneurysms. In group three there may 
be an open or even an extensive lacerated wound. If the latter is 
present, a formidable hemorrhage usually occurs and the life of the 
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individual, unless early treatment is available, is fatal in a large 
percentage of these cases. The procedure, of course, is similar to the 
treatment of one and two, early débridement and arterial ligation. 
However, the patients in this group who are prone to develop 
arterial aneurysms are those in whom the wound of the soft parts is a 
punctured wound. The wounds are usually produced by small frag- 
ments. They may be from bullets, splinters of shell fragment, high 
explosive bombs, hand grenades, and splinters of glass in civilian air 
raids. The hemorrhage is never severe in this type as hematoma 
formation is rapid and the pressure exerted by the hematoma in the 
surrounding limiting tissues results in pressure hemostasis. In the 
majority of these cases conservative treatment is the method of 
choice. 

Conservatism is continued in the management of these cases, 
with constant investigation of and the evaluation of the efficiency of 
the blood supply to the tissues distal to the injury. There is one 
exception to this rule of conservatism and that is in the case in which 
the hematoma spreads into the tissues without limitation. When this 
undesirable complication occurs the bleeding into the extremity is 
excessive. The pressure of this extensive effusion of blood becomes 
so great that both the main artery and its collaterals as well as the 
venous system are completely blocked. The obvious results of this 
complication is gangrene of an extremity. This type of lesion 
demands immediate operation (provided shock is relieved as should 
be in all vascular injuries before any operative procedure is insti- 
gated) to stop the flow of blood by arterial ligation or suture and to 
relieve the increasing interstitial pressure which is of paramount 
importance. In group four, in which the artery is only contused, the 
incidence of aneurysms will be almost negligible. In the majority of 
cases of severe contusions of the arteries the intima is ruptured and 
intraluminal thrombosis invariably occurs very rapidly. The artery 
then becomes blocked at the site of contusion. Organization and re- 
cannulization rapidly follow in sequence, resulting in local strength- 
ening of the vessel. However, where the contusion has been of less 
violent character, hemorrhage occurs in the wall of the artery. The 
bleeding seeps in between the muscle bundles and interstitial spaces, 
resulting in deficient localized nutrition and necrosis, the latter vary- 
ing in its degree. It is, therefore, conceivable that this destructive 
process will precipitate a weak area in the arterial wall. Some weeks 
or months later this deficient area will stretch and balloon out 
producing a sacciform type of arterial aneurysm, or the wall may 
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rupture and produce a false aneurysm. This type of aneurysm has a 
high incidence of secondary rupture, due to the thinness of the 
damaged arterial wall. When this occurs, a secondary type of pseudo- 
aneurysm develops which has all the gross and clinical characteristics 
of the true traumatic type. Therefore, in all cases of wounds of the 
soft part in which the artery has not been severed but only contused, 
one should estimate carefully the direction and proximity of the 
wound to the peripheral vessels. If in one’s opinion there has been 
arterial contusion (usually diagnosed by segmental spasm or throm- 
bosis resulting in diminished or absence of pulse below the site of 
injury), the case should be under constant observation for secondary 
arterial rupture and aneurysm formation. 

In all cases in which there has been direct severance and destruc- 
tion of the arterial wall the concomitant vein is invariably injured. 
This converts both the arterial and venous channels into a common 
pool. When this occurs, an arteriovenous aneurysm is formed. The 
type of wound that is productive of arteriovenous aneurysms is in the 
majority of the cases a punctured wound. If injury to both artery 
and vein occurs in an open and lacerated wound arteriovenous 
aneurysms seldom if ever develop. It is the small punctured wound 
produced either by a bullet, small fragment of bomb, or shell, or 
splinters of glass that is responsible for the highest incidence of both 
arterial and arteriovenous aneurysms of the peripheral vessels. The 
high incidence of arteriovenous aneurysms following traumatic 
punctured wounds of the peripheral vessels is not within the scope of 
this discussion. However, attention must be called to their frequent 
occurrence in order that those called upon to treat vascular injuries 
in the present conflict will be constantly reminded of their occur- 
rence. They are more dangerous to life than are the arterial type, 
because of their severe local and systemic pathologic physiology, 
their operative difficulties and the hazards encountered in their 
surgical treatment and cure. 

The pathology of traumatic arterial aneurysms varies consider- 
ably as regards the formation of their limiting walls and their 
peculiarities. Following the injury of an artery by a missile there 
occurs an immediate hemorrhage within the tissues which varies 
from profuse, moderate, to slight with or without external bleeding. 
The hemorrhage within the tissues may be divided into two types: 
(1) diffuse and progressive and (2) limited. Type one, as shown in 
Figures 3 and 5, occurs in areas where muscle planes form large 
spaces (popliteal) without limiting tissues. This type due to its 
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Increasing pressure, compresses the artery at the site of the injury 
as well as the main artery distal and proximal to the injury including 
the collaterals. The incidence of ischemic gangrene in type one is very 


Fic. 2. Lateral wound of femoral ar- Fic. 3. Complete severance of femoral 
tery with localized hematoma artery with large diffuse hematoma. 
formation. 


high, resulting not only in loss of the extremity involved but life 
as well. 

Type two is that in which the extravasated blood is confined to a 
limited perivascular space by the surrounding musculo-aponeurotic 
planes resulting in a circumscribed hematoma. (Figs. 2 and 4.) This 
circumscribed hematoma may or may not pulsate synchronously 
with the heart beat. If pulsation is present, the lesion is then called a 
pulsating hematoma and is easily diagnosed. If, on the other hand, 
there is no pulsation, it simply signifies that the pressure of the 
hematoma is so great that it prevents escape of blood from the 
arterial injury. It is in the latter type that the aneurysm Is delayed in 
its development for days or weeks following the initial injury. 

Hematomas that are formed by vascular injuries may terminate 
in several ways. When the arterial lesion is small and the surrounding 
tissues limit the size of the hematoma by compression, the opening 
may be plugged by a clot. This stops the blood flow; organization 
follows with healing of the artery and absorption of the hematoma. 
The above sequence of events, however, seldom occurs either in 
military or civil practice, therefore, spontaneous recovery is the 
exception to the rule unless the arterial opening is of minute size. 
The hematoma may become infected, especially in those cases of 
punctured wounds, producing a phlegmonous process which varies in 
degree and extent depending upon the type and virulence of the 
invading organism. When a perivascular hematoma becomes in- 
fected, secondary hemorrhage invariably follows. It is most impor- 
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tant that the surgeon should be cognizant of the grave eventualities 
that may occur on opening these infected suppurating hematomas. 
Following the relief of tension there may occur a violent and uncon- 


Bullet or shell 
fragment complete 


rparlial severance 


Stab wounds-— 
complete and pariial 


severance 


Extent of 
hematoma 
Fic. 4. Incomplete severance of arterial Fic. 5. Wound of popliteal artery 
wall of femoral artery demonstrating with extensive desiccating hema- 
a small firm localized hematoma. toma formation. This type of 


diffuse hematoma frequently com- 
presses both the main artery and 
the collaterals. 


trollable hemorrhage with sudden death. An infected hematoma 
associated with vascular injury should never be opened unless 
adequate precautions for the proximal control of the blood supply 
have been provided for in a most secure and efficient manner. This 
proximal control of the blood flow is of inestimable value in injuries 
of the large vessels at the root of the extremities and the base of 
the neck. 

When the hematoma gradually spreads in the fascial and muscle 
spaces (popliteal and along the sciatic nerve to the gluteal region), 
the pressure produced by the blood clot increases rapidly in the 
tissues and compresses arid obliterates the collaterals as well as the 
main vessel. When this takes place there occurs a rapid ischemia of 
the tissues and gangrene with loss of an extremity ensues. In other 
instances, the patient actually bleeds to death within his own tissues. 
There probably occurs a train of events that are produced by a loss of 
fluids plus total blood elements (shock resulting from leg trauma) 
that result in shock, which is progressive and irreversible, resulting 
in death. The author has seen two patients with fracture of the 
femur with tearing of the femoral artery who bled to death; the 
bleeding was entirely within the tissues of the thigh. There were no 
signs of external bleeding in either case as the fractures were not of 
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the compound type. In these cases of spreading hematoma it is 
absolutely imperative that immediate surgical exploration be under- 
taken. Delay in these cases always proves costly in that, not only is 
loss of limb to be expected, but life itself. 

The small compressed and hard hematoma limited in its extent by 
aponeurotic structures, may cause sufficient pressure on the main 
arterial stem that it acts almost in the same way as an embolus. 
There occurs an abrupt localized obliteration of the arterial lumen, 
which inhibits blood flow distal to the obstruction. The collaterals do 
not have sufficient time for their development, consequently 
ischemia of varying degrees occurs. The resulting pathological condi- 
tion. ranges from focal muscle necrosis to segmental or massive 
gangrene. When these small hematomas compress and obliterate the 
main artery (usually the veins suffer the same pressure and oblitera- 
tion), immediate surgery is indicated to release the pressure. The 
hematoma should be evacuated from the tissue and the injured vessel 
dealt with either by suture or ligation. In war surgery, ligation is 
probably the procedure of choice, because arteriorrhaphy is too great 
a time consumer. The results of arteriorrhaphy in the majority of 
instances are excellent, I.e., restoration of pulse distal to the suture. 
However, if arteriography is resorted to, one will be impressed by the 
greater majority of circular sutured vessels that show obstruction at 
the suture line, the return of the pulse distal to the arteriorrhaphy 
being due entirely to blood flow through the collateral circulation and 
not through a restored Iumen at the site of injury. Therefore, I would 
not only suggest but approve and recommend the procedure of liga- 
tion instead of suture, in the great majority of cases of injury to the 
peripheral arteries. In either ligation or suture, the sympatbetics to 
both the upper and lower extremities, dependent upon the anatomical 
location of the wound, should be “‘blocked out” by repeated novocain 
injection until the circulation bas been restored and maintained by the 
development of the collateral vessels.‘ 

From the foregoing discussion of injuries to the arteries with 
hematoma formation, one can readily understand that a compara- 
tively large number of these patients will subsequently develop 
traumatic aneurysms. When an artery is directly injured by a 
projected missile, three things may occur which have a direct bearing 
on the type of sac that is formed. When the artery is only partially 
severed, the hematoma surrounds the site of the injury resulting in a 
traumatic aneurysm which, in the majority of cases, is of the sacci- 
form type. It is in this type of aneurysm that the communication 
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from the artery to the sac is a small opening in the arterial wall. 
Therefore, for practical purposes, almost the entire wall of the artery 
is present and the aneurysm sac sits (so to speak) upon the wall of 
the artery. This is the ideal type for restorative endo-aneurysmor- 
rhaphy of Matas. Incidentally, in this type the main blood supply to 
the distal parts is through the main artery. Therefore, the collaterals 
are infrequently developed in the cases of sacciform aneurysm. 

When the artery is completely penetrated by a missile, which 
traverses one wall and exits through the other (a rather rare injury) 
the artery has two openings with an intervening arterial wall. This 
type of injury also gives rise to a sacciform aneurysm, the sac being 
bilocular. This type, although sacciform, is more prone to have some 
development of the collaterals but is not remediable by a restorative 
type of endo-aneurysmorrhaphy. The obliterative type of endo- 
aneurysmorrhaphy is, therefore, the procedure of choice. When the 
artery is completely severed by a missile or knife, a large intervening 
and surrounding hematoma is quickly formed. The majority of these 
cases lead to the formation of the fusiform type of traumatic arterial 
aneurysm. There is a great variety of sac formation in the above 
type, the character and extent of the sac corresponding to the limit- 
ing muscles and fascial planes. In some instances the sac may be 
oblong or spindle-shape on one side with a pseudopod projecting on 
the opposite side. In other words, the anterior wall of the aneurysm 
sac may be spindle or fusiform in shape, whereas on the posterior 
aspect the posterior wall may be sacciform. This is frequently true 
in the lower third of the femoral arteries near abductor foramen and 
also in the popliteal artery. In the popliteal artery the anterior wall 
of the sac is limited by the posterior aspect of the osseous structures 
forming the knee, whereas the posterior wall of the sac is limited only 
by the skin and superficial fascia. Therefore, in aneurysms of the 
popliteal artery the majority have the gross and clinical appearance 
of the sacciform type. Not infrequently in aneurysms of the popliteal 
artery the superior pole rotates posteriorly and downward and the 
inferior pole rotates anteriorly and upward. It is in the above type 
that the surgeon if not familiar with the pole rotation will invariably 
injure the proximal artery in opening the sac as it courses downward 
on the posterior aspect of the aneurysm. 

The formation and development of the sac of traumatic aneu- 
rysms Is most interesting both to the surgeon and to the pathologist. 
The artery having been partially, subtotally, or completely dis- 
rupted, is immediately surrounded by profuse bleeding and hema- 
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toma formation which disrupts the surrounding periarterial tissues. 
The escaped blood rapidly coagulates forming a mass which by its 
compression on the surrounding tissues and vessels acts as a hemo- 
static plug. The surrounding tissues are infiltrated with escaped 
blood and the spread of the blood coagulum is limited by the sur- 
rounding musculofascial planes. However, the blood from the injured 
artery continues to be pumped into and against this coagulated blood 
clot. The elastic blood clot is then molded and stretched by the 
systolic force of the escaping blood until the blood clot conforms to 
the shape of the surrounding muscles and fascia which act as a 
barrier against further spread. The blood escaping from the injured 
artery maintains a liquid state in the clot immediately surrounding 
the artery. Eddies and whirlpools are set up in this liquid center 
which have a tendency to core out and mold the inner blood clot 
into a definite cavity. The tissues, surrounding this blood clot with 
its coagulated periphery and liquid mobile center, proliferate rapidly 
producing an inflammatory reactive limiting membrane at the 
periphery of the hematoma. The proliferating tissues rapidly invade 
the periphery of the blood clot organizing the outer wall of the 
hematoma, thus forming a definite fibrous wall extending completely 
around the periphery of the blood clot. This formation takes place 
rather slowly and is usually accomplished within three to six weeks. 
While the outer wall is being organized, new layers of clot are laid 
down at the periphery of the cavity of the hematoma which is 
continuous with the opening or openings in the artery. Therefore, 
from without a connective tissue wall is formed while from within 
layers of new clots are formed, producing a laminated aneurysmal 
wall. As soon as the cavity of the blood clot is formed and lamination 
begins to take place, the endothelium from the wound or wounds of 
the artery begins to proliferate very rapidly along the inner surface of 
the cavity. This rapid proliferation and extension of the blood vessel 
endothelium continues until the entire cavity is waxed with shining 
endothelium. There is now a fibrous connective tissue wall (a true 
living membrane) reinforced with laminated blood clot which 
surrounds the endothelialized cavity connecting directly with the 
artery. A true pseudoarterial aneurysm is thus formed. The entire 
mass now reveals an expansile pulsation, which varies greatly in 
character and degree and is synchronous with the cardiac impulse. 
The traumatic arterial aneurysm differs from the true type in that 
the walls of the latter contain the elements of the arterial wall; 
whereas in the former the walls are composed of laminated blood 
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clot, encased in a fibrous capsule derived from the periarterial 
adventitious tissue, which contains only the endothelial structures 
from the injured artery. Therefore, traumatic arterial aneurysms are 
called false or pseudoarterial aneurysms and the spontaneous ones 
are called true arterial aneurysms. Their clinical manifestations, 
behavior and treatment are similar. 

The clinical manifestations of traumatic aneurysms of the 
‘peripheral arteries can be classified into two groups: (1) immediate 
and (2) late; both of which can be further classified into local and 
regional. The immediate symptoms are those of trauma of the soft 
parts plus hematoma formation in the line of a peripheral artery. 
The hematoma formation varies greatly in different cases as shown 
in Figures 2, 3, 4 and 5. The hematoma produces a rather tense 
swelling at the anatomical site of the mjury, 1.e., thigh, popliteal 
space, calf, neck, supraclavicular space, axilla, arms and forearms. 
There is no pulsation of the hematoma at first, due to the interstitial 
pressure which is transmitted to the hematoma. The peripheral 
pulses may be absent, distal to the hematoma. This phenomenon 
previously was interpreted as complete block of the main vessel, by 
the pressure of the hematoma, and secondly, by thrombotic occlu- 
sion of the arterial lumen at the site of the injury. To the above must 
be added another explanation, which has seldom been mentioned in 
the recent or past literature and that is segmental vasospasm second- 
ary to the arterial injury. (Gage,’ Ochsner and DeBakey,’ Leriche.’) 
The trauma to the artery precipitates vasospasm which gradually 
spreads over the vascular tree of the extremity involved. (Haimo- 
vici.5) If this condition is not recognized immediately and specific 
therapy instituted, grave and irremediable consequences ensue. The 
local signs as described above are the ones observed by inspection 
and palpation which in themselves are most suggestive of vascular 
injury. On auscultation one may or may not hear a soft blowing 
systolic murmur. The presence or absence of a murmur Is dependent 
upon the fluidity of the hematoma and its exerted pressure upon the 
involved vessel. Sometimes the murmur does not manifest itself for 
hours or even days following the vascular injury. However, when 
once established, it is pathognomonic of arterial aneurysm. It is con- 
sidered the one infallible sign of arterial aneurysm when present. 
Therefore, when one suspects an injury to a peripheral artery, this 
sign should be frequently sought for; and if the main peripheral 
vessel is partially or wholly severed, the observer will be rewarded 
by this distinct and characteristic audible auscultatory sound. 
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The bruit at first is soft and blowing in character but as the 
aneurysm sac gradually takes form, the limiting membrane contract- 
ing, the blood clot becoming desiccated and laminated, the bruit 
gradually changes until a loud whistling or harsh systolic sound is 
heard. This systolic murmur or bruit varies considerably depending 
upon the size of the vessel, the size of the aneurysm sac, its elasticity 
and above all the size and type of opening or openings in the associ- 
ated artery. However, with the changes in sound and pitch of the 
bruit one feature is always constant, and that is the murmur or bruit 
regardless of type is constantly and specifically systolic in time. This 
is always pathognomonic of the pure arterial aneurysm. This type 
of arterial aneurysmal murmur should never be confused with the 
continuous hum or roar with systolic exacerbations which is so 
characteristic of arteriovenous aneurysms. The variations in mur- 
murs of all forms of aneurysms is one of the most interesting chapters 
in vascular surgery. 

The propagation of the murmur in arterial aneurysms very seldom 
extends any considerable distance. The murmur remains localized, 
being transmitted distally only for a very short distance. This is also 
in contradistinction to the murmur of arteriovenous aneurysms 
which is transmitted over a wide area both peripherally and cen- 
trally. There is, however, a cardiac murmur in arterial injuries that 
was described by Makins? during the last war. This systolic cardiac 
murmur was heard in thirty-seven out of a total of 180 cases of 
arterial injuries. Of these thirty-seven cases in which the cardiac 
murmur was present, eighteen were arteriovenous injuries and nine- 
teen were pure arterial. Therefore, in all suspected vascular injuries 
or in all cases of wounds, the presence of a systolic cardiac murmur 
is indicative of a peripheral vascular injury. The presence of a 
vascular injury should, therefore, be diligently sought for, not once, 
but many times, until one is completely satisfied that an arterial 
injury Is nonexistent. 

The late signs are practically the same as those described above 
with the exception of those demonstrated by palpation. As the tissues 
proliferate and contract the hematoma becomes progressively 
smaller until a minimum is reached. This is due to the buffeting of 
the fibrous wall by intrasaccular lamination and desiccation of the 
blood clot which prevents further shrinkage. When this stage is 
reached, usually within six weeks to three months after the injury, 
a well developed and defined traumatic arterial aneurysm is formed. 
One now finds a definite expansile tumor in the line of the artery 
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involved. The expansile pulsation ts systolic in time and is synchro- 
nous with heart beat. The tumor mass is compressible to a certain 
degree, depending upon the amount of the intrasaccular laminated 
clot. Where the latter is thin, the compressibility is great. When the 
intrasaccular clot is very thick the compressibility 1s almost negligi- 
ble. Therefore, the compressibility and expansile pulsation depend 
entirely upon the thickness of the intrasaccular laminated clot. 
This certainly is not properly appreciated, with the result that many 
cases of arterial aneurysm are not diagnosed. 

Another sign that is of great diagnostic importance is the one in 
which the aneurysm decreases in size and stops pulsating when the 
proximal artery is obliterated. When the proximal artery that enters 
the aneurysm is compressed, the sac gradually decreases in s xe and 
all pulsations cease. If one auscultates the aneurysm while the 
proximal artery is compressed, no sounds are heard. The above signs 
are the most convincing proof of the presence of an arterial aneurysm. 

Still another sign of less importance than the above is the 
diminution of the size of the aneurysm sac on elevation of the 
extremity in which it is located. As this only applies to aneurysms 
in the extremities, its usefulness as a diagnostic procedure is limited. 

The regional symptoms are few and pertain mainly to the vessels 
distal to the point of arterial injury. If the arteries pulsate normally 
distal to the injury, it signifies that the blood supply to the tissues 
is through the main arterial channels. When the pulsation of the 
arteries is diminished, it is demonstrative that some of the blood 
flow is being shunted through the collaterals. If there is no palpable 
pulsation in the arteries distal to the injury, one is justified in 
assuming that the blood supply to the t ssue is mainly through the 
collateral vessels. The latter condition is known as Delbet’s sign 
which is of great prognostic importance because it indicates that 
an adequate collateral circulation has been developed. ‘1 he success- 
ful cure of the majority of arterial aneurysms depends upon an 
adequate and sustained collateral circulation. Because the main 
artery must be obliterated, the importance of the above sign is 
readily understood. Occasionally, other peripheral signs manifest 
themselves in the form of some of the more common diseases of the 
peripheral arteries. When an embolus breaks off from the clot in the 
aneurysm sac, it frequently blocks one of the peripheral arteries. 
When this occurs, signs and symptoms are produced which simulate 
Buerger’s disease. In some of the cases the sudden blockage of the 
artery distal to the aneurysm by an ambolus from the sac results 
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in gangrene of the tissues. The extent of the gangrene varies con- 
siderably in degree from small areas of necrosis to segmental and 
massive gangrenous processes. Therefore, one is occasionally con- 
fronted with a case of arterial aneurysm with signs and symptoms 
of Buerger’s or Raynaud’s disease. The aneurysm in the above type 
of case frequently goes undiagnosed. All cases presenting signs of 
peripheral arterial disease of the lower extremities should be investi- 
gated for aneurysms of the peripheral arteries. Recently the author 
saw a case which had been diagnosed as bilateral Buerger’s disease 
of the lower extremities. There was gangrene of the fourth and fifth 
toes of the right foot with reddish cyanosis of both feet. On careful 
examination it was discovered that the patient had bilateral pop- 
liteal arterial aneurysms. The gangrene was due to embolic occlusion 
of the anterior tibial artery. The embolus had its origin from the 
thrombus within the aneurysm sac. The above case is cited to empha- 
size the ease with which serious mistakes in the diagnosis of aneurysm 
can be made. 

Before any operative procedure can be applied to the traumatic 
arterial aneurysms one must first determine the presence or absence 
of an adequate collateral circulation. This is necessary because a 
successful operation for the cure of an aneurysm depends primarily 
on the presence of a collateral blood volume flow, sufficient to main- 
tain normal metabolism to the tissues distal to the aneurysm, 
because the main artery will be obliterated at that site. If the col- 
lateral circulation is not adequately developed, gangrene will occur 
in from 5 to 15 per cent of the cases. Therefore, the first thing to do 
is to test the collateral circulation in all aneurysms of the peripheral 
arteries. This is best accomplished by the Matas method. This 
method has been repeatedly described by Matas?! and the author.** 
The test is performed as follows: In the extremities a rubber bandage 
is applied from the toes to just above the aneurysm. This milks all 
the blood out of that part of the extremity covered by the bandage. 
The Matas compressor is now applied to the main artery just above 
the point where the rubber bandage stops. The artery is obliterated 
by the compressor and the rubber bandage quickly removed. The 
time factor between the removal of the bandage and the appearance 
of a florid blush to the cadaveric tissue demonstrates whether the 
collateral circulation is abundant or deficient. If adequate, the blush 
of the tissues occurs within three minutes. If deficient, the time ele- 
ment is longer; therefore, the greater the time element the less 
efficient is the collateral circulation. If the test demonstrates that 
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the collaterals are not developed, the operation must be postponed 
until the collaterals can be developed. 

There are two methods that can be used to develop the collateral 
circulation: (1) the mechanical and (2) the physiological. The 
mechanical consists of daily application of the Matas! compressor, 
increasing the time of compression each day until the collaterals are 
developed. The physiologic*® consists of removing the sympathetic 
vasomotor control from the peripheral arterial tree. This is accom- 
plished either by mechanical or chemical section of the regional 
sympathetic ganglia and their connections. This method is prefer- 
able to the others because it can be accomplished in three to five 
days, whereas the other methods require weeks and sometimes 
months. The rationale of sympathetic block in the developing of 
the collateral circulation is based upon experimental data collected 
from the literature as well as the author’s personal experience in 
peripheral vascular disease, including aneurysms. The fundamental 
principles involved are as follows: (1) overcome vasomotor spasm, 
(2) produce vasodilatation, (3) increase blood volume flow through 
the capillaries, (4) increase blood volume flow through the main 
arterial channel distal to the ligation, (5) increase the size of the 
vasa vasorum, (6) increase lymph flow, and (7) prevent ischemic 
gangrene. All of the above conditions occur within three to five days 
following sympathetic block with novocain and alcohol. The col- 
lateral circulation will be adequate and be sustained postoperatively 
which will prevent the occurrence of ischemic gangrene. Therefore, 
when the collaterals are developed and efficient, the aneurysm can 
be safely operated upon. 

In the carotid group, the compressor is applied to the carotid to 
test the efficiency of the collateral circulation to the corresponding 
cerebral hemisphere. The carotids cannot be safely ligated until the 
patient can stand obliteration of the carotid for at least one-half 
hour. To develop the collateral circulation for the carotid, a com- 
bination of both the mechanical and physiologic methods is used. 
The stellate ganglion can be injected from the anterior or posterior 
approach. The physiologic method is also advocated for aneurysms 
of the subclavian, axillary and brachial arteries. 

The surgical treatment of all arterial aneurysms of the peripheral 
arteries is based upon the sound principles promulgated by Matas’ 
in 1903. He described at that time a new type of operation which 
revolutionized the surgical treatment of aneurysms of the peripheral 
arteries. The operation consisted of intrasaccular closure of the 
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arterial mouths feeding the sac, with obliteration of the aneurysm 
sac. The operation was described as an endo-aneurysmorrhaphy. 
He divided the operations into three types: (1) the restorative, (2) 
reconstructive, and (3) the obliterative endo-aneurysmorrhaphy. 

The restorative type is applicable only to the true sacciform 
aneurysm where over two-thirds of the vessel wall is intact, the 
opening in the artery being produced by a small lateral wound of the 
vessel. In this type the sac is opened and the small opening closed 
by interrupted sutures of silk or cotton. The excess sac is then 
removed and the remaining portion used to reinforce the arterial 
wall at the site of the sutured artery. 

The reconstructive type of endo-aneurysmorrhaphy was advo- 
cated for fusiform aneurysms. The technic was to construct a new 
channel out of the walls of the sac. It was soon discovered that this 
procedure was limited in its scope and was finally abandoned because 
of the high incidence of postoperative thrombosis in the newly 
created channel. 

The obliterative type has become universally applicable to all 
types of arterial aneurysms of the peripheral arteries except the pure 
sacciform type. The procedure is of the greatest simplicity. It con- 
sists simply of opening the aneurysm sac and closure of the arterial 
openings of which there may be several, then obliterating the sac. 
All suture material should be either cotton or silk, as absorbable 
sutures will give way with dire consequences. In performing the 
Operation it is not necessary to dissect out the sac or either the 
proximal or distal arteries; one simply exposes the anterior or 
posterior wall of the aneurysm. The sac is then incised and the edges 
retracted widely, thoroughly exposing the interior of the sac. All 
clots are now removed, the sac cleansed thoroughly, and then 
inspected for the arterial openings. It must be sisted upon that the 
entire inner surface of the sac be inspected most carefully because 
if one fails to do this, one or more small openings may be overlooked. 
Each opening found is closed with interrupted silk or cotton sutures. 
When all openings have been closed, the tourniquet is released to 
see if any of the sutured openings leak. This is most important 
because if the operation is finished before the removal of the tourni- 
quet, bleeding may occur, even another aneurysm may be formed. 
If no bleeding from the sac is encountered following removal of the 
tourniquet, the sac is obliterated and the wound of the soft parts 
is closed by interrupted sutures of cotton. This operative procedure, 
as described by Matas, is simple in its execution, does not interfere 
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with the perisaccular collaterals, obliterates the vessels entering 
into the formation of the aneurysm and destroys the sac. It is, 
therefore, the ideal operation for aneurysms of the peripheral 
arteries. 

The operation of Matas is, however, not applicable to all aneu- 
rysms of the peripheral arteries if we include the carotids, sub- 
clavians, the external iliacs and the common femoral. Aneurysms of 
the above arteries in the majority of instances are best treated by 
proximal polar ligation, Anel’s operation. Polar ligation of the 
proximal artery is used mainly for aneurysms of the carotid and 
subclavian groups. Ligation of the subclavian and innominate artery 
proximal to the aneurysm offers considerable technical difficulties 
when approached from above. To overcome these difficulties, 
Touroff” recommends that the subclavian be ligated transpleurally. 
He reported a case of congenital arteriovenous aneurysm of the left 
upper extremity in which he ligated the first portion of the left sub- 
clavian artery transpleurally. He recommends that in traumatic 
injuries to the subclavian they be treated by transthoracic, trans- 
pleural ligation. The author subscribes to this operation and has 
successfully ligated the left subclavian, transthoracic-transpleural, 
for an arteriovenous aneurysm of the first portion of the left sub- 
clavian. This same procedure is recommended by the author for 
aneurysms of the right and left subclavians and the innominate and 
the low common carotids. However, for aneurysms of the first cervi- 
cal portion of the common carotids, distal polar ligation has been 
the operation of choice. It would be preferable to use the approach 
by Touroff.! 

In traumatic aneurysms involving the external iliac and common 
femoral the transabdominal ligation of the external iliac is the pro- 
cedure of choice. 
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DISCUSSION 


Louis G. HERRMANN (Cincinnati, Ohio): Dr. Gage has told us many of 
the important problems concerning the injury to major arteries in the 
extremities. He has talked largely about gunshot wounds and stab wounds, 
and I think we all now believe that reconstruction, either by the Matas’ 
procedure or by Dr. Gage’s, is by far the best method of dealing with such 
things. However, I would like to add one thing, and that is with regard to 
the cure of aneurysms which result from disease of the wall, especially the 
syphilitic aneurysms that develop in the popliteal space. It is extremely 
difficult, and sometimes even dangerous, to attempt to reconstruct them or 
obliterate them by the Matas’ procedure, so that we as a rule attempt to 
open the sac with the supply of blood controlled by a tourniquet, and then 
go outside of the sac and isolate the incoming and outgoing arteries, and 
ligating them high above and high below the sac rather than try to obliter- 
ate them at the sac itself. 

We have had some recurrences when we have tried to obliterate them by 
the Matas’ procedure alone. 

There is very little else to add to what Dr. Gage has already told us. I 
think he has shown us very definitely that at least traumatic injuries to 
blood vessels should be repaired with nonabsorbing materials. I think most 
of the experimental work now will substantiate the fact that catgut, 
although it does not in many cases, is more or less a dangerous type of 
suture to use, and that either silk, cotton bandage, cotton tape or some such 
nonabsorbent material should be used. 

There are many factors that Dr. Gage did not have time to touch upon. 
That is, there are other methods, of course, of developing collateral circula- 
tion, and the test that Dr. Gage has described, namely, Dr. Matas’ test, is 
an extremely valuable one; and we believe very definitely that no patient 
should have a large peripheral artery ligated unless we are certain that the 
collateral circulation is capable of carrying on. 

A little trick that we frequently use for a day, two or three days, or 
maybe a week, is to insist that the patient compress that artery with his 
finger in order to promote a more efficient collateral circulation. In young 
patients and in healthy patients, such a collateral circulation could be 
developed without mechanical means. The blocking of the sympathetic 
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chain is a simple thing, as Dr. Gage has told us, and is a very valuable 
thing. I would stop, however, with the novocaine and not inject the alcohol, 
but that is just a matter of personal opinion. 

The other means of developing collateral circulation which we use in 
our own clinic have proved valuable and in the last ten years we have not 
lost any extremities after ligating large vessels, including large vessels of the 
popliteal space. It is fairly simple to deal with a large aneurysm of the sac 
in the popliteal and in the femoral region. You control hemorrhage first by 
tourniquet and then ligate above and below the sac and then ligate the 
collaterals under there, or use a group of sutures and obliterate the incoming 
and outgoing vessels in the sac itself. 

Epcar L. Gitcreest (San Francisco, Calif.): Dr. Gage has given us one 
of his clear, concise papers which I think we are all indebted to him for, 
particularly at this time. I believe in this great emergency, when we are 
going to have literally hundreds of doctors dealing with aneurysm, that the 
admonition of Halsted probably should be publicized, so that surgeons will 
bear in mind the common errors that he called our attention to years ago. 
I shall read seven of them. 

“1. Opening the sac or pulsating hematoma without first making a 
temporary occlusion of all the possible sources of hemorrhage. 

‘2. The permanent ligation of a great arterial trunk as a precautionary 
measure in the search for a distal bleeding point. 

“3. Ligation of a trunk too far from the aneurysm. 

“4. Stuffing the wound with gauze to arrest hemorrhage. 

Drainage. 

“6. The employment of catgut for the ligature, or of silk that is too fine. 

“>. Ligation of the artery proximal to an arteriovenous aneurysm or 
fistula.” 

In 1929, in a paper on aneurysm, | closed that paper with this remark: 
“Surgeons attempting to intervene In aneurysms or arteriovenous fistula, 
should be much more concerned with hemostasis and meticulous technic 
than with the duration of the operation. These operations are at best always 
tedious and time-robbing and demand the best of the surgeon’s skill. With- 
out producing hemorrhage, these patients stand operations of six or seven 
hours’ duration without severe shock.” 

And then I quoted Halsted again when he said, ‘‘An operator searching 
for a bleeding point in a pool of blood, and particularly so when embarrassed 
in his movements by the adherent walls of an aneurysm within which he is 
working so disadvantageously, presents a distressing spectacle.” He said, 
“T would rather devote an additional hour or more to an operation than be 
caught for a few moments in such a predicament.” 

I should like to present a case of an arteriovenous fistula. This patient 
was walking down the street in Mexico City and was shot by a bandit, the 
bullet entering the right clavicle. That happened in December, 1920. The 
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arm did not swell much until early in 1927. During that time, no one had 
ever told him to elevate his arm, even at night. After he had elevated the 
arm for six weeks and gotten the edema out of the arm he was operated 
upon. At the operation I removed one of the clavicles, which is so important. 
It was Thompson of Galveston who perhaps contributed much on this 
subject, and he was one of those who has called our attention to the great 
importance of ligation of the first part of the subclavicle. I think that was 
due to the fact that in those days, they did not remove the clavicle, which 
makes this operation much easier. 

In this operation I ligated first the innominate vein, the subclavian and 
jugulars. The five ligations done at that time were: the subclavian artery, 
the subclavian vein in two parts, the external and internal jugular vein and 
innominate vein. 

During that operation, after we made those ligations, the thrill became 
imperceptible and the bruit became inaudible, and I went out among the 
adhesions and ligated what we thought was another portion of the sub- 
clavian, and we believed we had better stop at that time. 

Nine months later he returned because his arm had begun to swell a few 
weeks before. We had expected that might occur and realized that we must 
go then way out and do further ligations. The various ligations made in 
the first operation and in the second operation numbered eleven in all. 
Dr. Emile Holman showed the necessity of ligating the innominate vein 
and preventing gangrene in the extremity. 

CoMMANDER Ricuey L. WauGH (Boston, Mass.): I want to add just a 
few more words about the fistula. We have found in treating the traumatic 
wounds of the upper extremity quite a few of the arteriovenous fistulas. 
Even during the past three months, we have had two cases, and I would just 
like to take a minute to refer to those two cases. Both were due to missiles, 
one a chip fragment occurring to a young man who was working at the 
Watertown Arsenal, and the other followed a gunshot wound, rather late 
after the injury. 

In the case of the young man who had a chip fragment enter the fore- 
arm, within one week he perceived a warmth and a thrill in the forearm. We 
operated upon this patient and found an arteriovenous fistula between the 
ulnar artery and the deep ulnar vein. The treatment was, of course, a 
quadruple ligation. 

In the other case, the gunshot wound in the arm occurred ten years 
previously. It was followed about four years ago with a severe contusion in 
which there was ecchymosis and soreness for several days, and I believe 
only a year ago was the patient aware that there was something wrong with 
the extremity. He noticed, whenever he put his face on his arm, that it felt 
much warmer. We operated upon this patient. 

First, may I say that in both of these cases, with digital compression 
over the site that would stop the fistula, there was a slowing of the pulse 
from ten to fifteen. That is known, I believe, as a Branham’s sign. 
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We operated upon the patient and found a fistula between the profunda 
artery and the vein. This patient also was treated by quadruple ligation. 
He is now in our hospital convalescing. 

Josepu E. J. Kinc (New York, N. Y.): Since Commander Waugh spoke 
of the arteriovenous lesion, I should like to make a brief remark on the 
handling of those lesions as proposed by Dr. Matas. We do know that in the 
last war we had several cases, and I refer especially to the femoral region 
above the profunda. Those legs had lesions and instead of doing what Dr. 
Matas later told us to do, we did quadruple ligation. Fortunately, all the 
legs were saved, but it is so much better to ligate the vein, open it up, sew 
the opening in the artery, preserve that section of the vein and sew it over 
to a patch instead of a quadruple ligation. We did not know that during the 
last war, and I should like to call this to your attention because you may 
have to do it. 

Mims Gace (closing): I am sorry I did not have time enough to go into 
the pathology and the clinical manifestations in the syphilitic type of 
aneurysms in speaking of the traumatic aneurysms, but to do that would be 
too time-consuming. 

As regards catgut, Dr. Matas advocated many years ago that we not use 
it because he had had many of those sutures break down. 

As far as development of intravenous occlusion in the subclavicle is 
concerned, I said in civil practice it takes time. It takes from six weeks to 
two or three months to develop intravenous occlusion by the Matas com- 
pressor or Dr. Herrmann’s Pavex machine. The sympathetic block happens 
to be my child and I have to nourish it along over a long road. It does save 
time because you can block the aneurysm one day and operate upon it 
the next. 

I have had over ten popliteal aneurysms, all syphilitic but one. In that 
case I obliterated his arteries secondary to block. I have not had any 
gangrene in those cases. 

Most of us have had syphilitic popliteal aneurysms and have had no 
trouble suturing them. 

I do not know of anything, as Dr. Gilcrest has said, that the surgeon is 
confronted with that gives him more trouble than an arteriovenous 
aneurysm at the roots of a limb, including the neck if you want to include 
that as a limb. You have to control not only the artery and the vein on the 
proximal and distal side, but all the collaterals as well. Very frequently up in 
the neck arteriovenous aneurysm defeats you; it really whips you down; you 
cannot make it. I had one I worked upon for two hours and could not do a 
thing and had to do a transthoracic ligation of the artery. 

The majority of arteriovenous aneurysms have to have quadruple 
ligation. 

The thing I wanted to stress is that during the war we are going to have 
a large number of injuries to the peripheral arteries and I think if the sur- 
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geons will recognize them as such and operate upon them as soon as they 
possibly can, ligate the arteries and then turn them over and block the 
sympathetics with novocaine, they will save many of these limbs. You can 
do it without alcohol, but you have to repeat that every day for eight to ten 
injections until the collaterals are developed. You have no time to carry a 
Pavex machine or a Matas compressor around with you. If you determine 
that the artery is injured—which you usually can—it should be ligated and 
the development of an aneurysm prevented. When an aneurysm manifests 
itself within ten days to two weeks after the injury, it should never be 
touched until three to six months later in order to let all the tissue become 
organized. That is a law that Dr. Matas stated many years ago; because if 
you operate too soon when the tissue is friable, your sutures will not hold, 
with the result that a disaster will occur in a giving-away of the suture line. 

As far as the operation is concerned, it is simple, provided you can 
control the proximal blood supply. Where you cannot, you have to dissect 
out the entire affair and control the blood supply below and above by using 
temporary ligatures. Outside of that, it is simple; but arteriovenous 
aneurysm is an entirely different chapter and would require too much time. 
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FROSTBITE IN SHIPWRECKED MARINERS* 


G. M. BrownriGcG, M.D. 
Assistant Surgeon, St. John’s General Hospital; Surgeon, Sanatorium, St. John’s 


ST. JOHN'S, NEWFOUNDLAND 


URING the past eighteen months I have been one of a group 
of St. John’s surgeons privileged to share in the surgical care 
of a large group of shipwrecked mariners, survivors of the 

Battle of the Atlantic, who have been landed at our port. 

Of this group 75 per cent of all those who required hospitalization 
suffered from lesions of the extremities produced as a result of 
exposure to cold and immersion in the icy waters of the North 
Atlantic. Many of them had been adrift in open boats or on rafts 
for periods of up to ten days and some had been completely immersed 
in the water before being taken into the boats. 

No definite figures on the degree of cold to which these men were 
subjected can be, under the circumstances, expected to be available. 
We do, however, have reliable data on both atmospheric and water 
temperatures in the areas where these men were exposed during the 
winter and early months of spring. Water temperatures in these 
regions vary from 28° to 30°F. in the more northerly regions and up 
to 35°F. in the more southerly. The atmospheric temperature 
naturally shows wider variations but in the wind an atmospheric 
temperature of o°F. is not uncommon. It is thus obvious that these 
men were exposed to atmospheric temperatures often below freezing 
point and to water of a temperature just about freezing point. 

In civil practice frostbite has until recently excited but little 
comment. Brahdy,'** however, reported no fewer than 996 cases 
as occurring during the years 1933 to 1936 amongst outdoor munic- 
ipal employees of the City of New York. Successive military cam- 
paigns have directed considerable attention to this problem. During 
the Napoleonic Wars Larrey! observed numerous cases. The condition 
was adequately described during the Crimean War? and later by 
Page® during the Balkan Wars. There was some confusion at times 
as to the etiological factor? but in every case they were ultimately 
recorded as frostbite. During the last Great War large numbers of 


* From Surgical Service “‘A,’”’ St. John’s General Hospital, Dr. H. H. Cowperthwaite, 
Chief of Service. 


232 


BROWNRIGG—FROSTBITE 233 


cases occurred and the name “‘trench foot”® was applied to some of 
these cases. 

Other terms have also been applied. Liggett” used the term 
“dermatitis congelationis.”” Recently, Webster, Woolhouse and 
Johnston” and Greene* have applied the term ‘“‘immersion foot” 
to describe lesions present in a group of cases similar to our own. | 
quote from the excellent study of Smith, Ritchie and Dawson” upon 
the pathology of “trench foot”: ‘The applicability of the term 
frostbite to the condition to be inquired into has been questioned. 
After consideration we have decided to continue the use of the word 
as it accentuates the essential causal factor concerned, namely, cold, 
and, at the same time, is sufficiently comprehensive to include the 
various local effects which cold may produce.” 

We turn now to our own cases. It was soon apparent that these 
men suffered from lesions of varying degrees of severity and that 
they could be divided broadly into three groups depending upon the 
type of lesion presenting. The lower extremities were in all cases 
affected. In a few cases the upper extremities were affected but never 
independently of the lower. The lesions were not symmetrical in all 
cases, that is to say, there were instances in which one leg presented 
what we shall describe as first degree frostbite, and the other what 
we shall describe as second degree frostbite; and there were still 
others with second degree frostbite on one side and with third degree 
frostbite on the other. 


TABLE I 


Survivors Requiring | No. of Cases Percentage with 
Hospitalization of Frostbite Frostbite 


94 75 


Nearly all patients, irrespective of the group to which they 
belonged, gave a similar history. They had noticed no pain until they 
had been rescued, They had been able to move about, so far as 
movement was possible, in the life boats, but when rescued or 
shortly after had lost the use of their legs and experienced pain of 
varying degrees of severity. Some of them had worn ordinary foot- 
wear, some only socks, but the presence or absence of footwear did 
not appear to have any influence upon the occurrence or severity of 
the lesions. The history of the onset is similar in all respects to that 
described by Page® in the cases seen by him in the Balkan Wars, 
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Group I. (55 Cases.) Some of the cases in group one were able 
to walk upon admission. They complained of pain in the affected 
extremities. The feet and legs were swollen, usually to but not above 
the junction of the middle and lower third of the leg. There was some 
erythema but otherwise no generalized color changes were noted. 
All movements were present. The extremities were warm or hot to 
the touch. Some areas of anesthesia were noted in the feet but these 
disappeared after admission. We did not study the distribution and 
extent of these areas.* Circulation was apparently unaffected and 
palpable pulsation was present in the dorsalis pedis and posterior 
tibial vessels. There was in many a slight temperature upon admis- 
sion of gg to 100°c. which usually subsided within a few days. 


TABLE I 
No. of Cases 
First Degree Second Degree Third Degree 
of Frostbite 8 B 
71 55 7 9 
77% 10% 13% 
TABLE III 
Lower Extremities | Upper Extremities 
No. of Cases PP 
Affected Affected 
7% 71 8 


%—100 


In many of the cases small areas of dusky red mottling were 
present and bleb formation was noted in many of these areas. The 
blebs commonly contained dark bloody fluid, in some, straw colored 
fluid. These areas of mottling and bleb formation occurred most 
frequently on pressure points; thus the metatarsophalangeal joint 
of the great toe and of the small toe, the malleoli and heel, and the 
dorsum of the toes were the parts most frequently affected in this 
manner. This, I think, is of considerable importance when we come 
to consider treatment. 

Group II. (7 Cases.) The cases in this group showed a condition 
similar to the Group | cases but in addition more serious lesions were 
present. One or more toes was dusky red in color or black; movement 
in the toe or toes was absent; it was cold to the touch and sensation 


* These areas of anesthesia might possibly be due to inflammatory changes in the 
end organs. 
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was absent. In shoor, areas of dry gangrene were present affecting 
chiefly the toes, but in some the more distal areas of the foot were 
affected. 

Group III. (g Cases.) The cases which fall under this group 
presented a picture similar at first to the cases in Group 1 and Group 
11. The lesions described as proper to Group 1 and Group 1 were 
always present but in addition there were important differences. 
Usually larger blebs were present and these seemed less superficial 
and occurred higher up in the affected extremity. One important 
difference was obvious: From the time they came under observation 
they appeared toxic and a high fever was present from the onset. 
Temperatures of 103 to 104°c. were the rule and we soon came to 
realize that a high fever, in the absence of intercurrent respiratory 
infection, was significant of grave tissue damage. When I reviewed 
the cases this impression was confirmed. Every patient with a high 
fever on admission proved later to belong to Group 11. 

Not long after admission other signs made their appearance 
which obviously differentiated these cases from those in the other 
groups. While cases in Group 1 and Group 1 rarely showed new areas 
of mottling following the institution of treatment, the patients in 
Group 111 did; and in spite of rigid aseptic precautions, evidence that 
infection existed soon became obvious. The parts were hotter to 
touch and more reddened in appearance. Deep, foul-smelling areas 
of slough developed; tendons and muscles became, in the course of 
time, exposed and a foul, putrid, offensive odor developed. Thus, a 
type of wet gangrene was established in the soft tissues of the 
extremities. Even in these cases pulsation was present in the large 
vessels and secondary hemorrhage, though never of serious degree, 
often was present. 

I am convinced that this infection was not introduced into the 
tissues but was present from the onset as evidenced by the fever 
often present before any break in the surface tissues occurred. This 
impression is dependent in part upon and is confirmed by the 
pathological findings of Smith, Ritchie and Dawson." Further it 
was noted that muscles and tendons sloughed and became necrotic 
and exposed but there was notable absence of abscess formation in 
the tissue spaces. 

The upper extremities did not in all cases escape involvement 
but in no case were the lesions observed in the upper extremities more 
serious than the type of lesion classified as Group 1 in the lower 


extremities. 
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I should like at this point to draw attention again to several 
facts. The least serious cases showed in the extremities swelling only 
with or without bleb formation. These lesions were also present in 
more serious cases. In the more serious cases in Group 11, there was 
in addition mummification of the most distal areas of the extremity, 
that is to say, in the areas where the extremity had the least mass, 
and in the most serious cases, in addition to the Group 11 lesions, 
there were present lesions affecting the deeper and thicker tissue 
masses more proximally in the extremity. Thus it seems to me that 
we can visualize the sequence of events as follows: The first response 
was swelling in affected parts. Where there was continuation of 
exposure beyond this stage the most distal parts, where the mass 
surface ratio is least, where heat loss to mass ratio can therefore be 
greatest and where the effects of cold can penetrate to a sufficient 
depth to produce a maximum reaction, the tissue response was sufhi- 
ciently great to interfere completely wih tissue nutrition and dry 
gangrene resulted. Further exposure resulted in damage to structures 
higher up, chiefly tendons and muscles, of a degree sufficient to bring 
about necrosis of tissue; but because the thickness or mass of the 
tissues provided a degree of protection to the cold to which they were 
subjected, this process was necessarily not so complete as in the 
case of the more distal parts. Therefore, the death or gangrene of the 
tissues was slower in onset and at first less complete and so produced 
what we are pleased to call wet gangrene. 

It is my belief that this wet gangrene is not, as some suppose, 
primarily an infection in the tissues but necrosis due to a physical 
agent, namely, cold, in which infecting organisms played a saphro- 
phytic role. | must again refer to the work of Smith, Ritchie and 
Dawson" to explain the presence of organisms in the tissues. I should 
like to stress here again the fact that where Group 1 lesions existed 
that were present upon admission and where Group 111 lesions 
occurred they, too, were present upon admission as evidenced first 
of all by a high fever. In other words tissue responses and tissue 
damage were dependent upon exposure, not upon subsequent events. 
This observation is not a new one and was first noted by Page.* 

I believe that it would be of inestimable value both to the statisti- 
cal study of these cases and to a proper understanding of the prog- 
nosis in the individual case if we were to classify them somewhat as 
we classify damage caused by heat, according to the degree of tissue 
response and damage. 
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Thus I would suggest that where exposure to cold is the etiologi- 
cal factor we retain the term frostbite. Where the lesions resulting 
correspond to Group | in our cases we should classify them as frost- 
bite, first degree; where Group 11 lesions are present we should 
classify them as frostbite, second degree, and where Group 111 lesions 
are present, frostbite, third degree. We would thus be able to say 
that in our cases we saw frostbite of first, second and third degree 
in the lower extremities, and of first degree only in the upper 
extremities. 

That this classification, at least as regards first and second degree 
frostbite is applicable to ordinary cases seen in civil practice, is 
confirmed by study of the types of cases described by Brahdy.'* 
In civil practice we have seen one case of frostbite where dry gan- 
grene extended above the ankle joint and with wet gangrene above 
this area in the muscles. This lesion was produced by prolonged 
exposure to a more intense degree of cold. There might be some 
justification for classing this as fourth degree frostbite. As applied 
to prognosis there is little essential difference from our third degree 
cases. Loss of limb results. 

A pathological study of tissues removed from patients suffering 
from frostbite is necessarily of limited value since it offers only a 
picture of the end results. There are, fortunately, several experi- 
mental studies of great value. Richspler* studied the effects of freez- 
ing on animal tissues. He found that the pathological changes which 
resulted from freezing were entirely inflammatory in nature and that 
there were not specific lesions of the vessels or nerves. Smith, Ritchie 
and Dawson" studied the effects of exposure to cold and wetness 
upon the shaven extremities of rabbits. They tried insofar as possible 
to reproduce the conditions under which “trench foot” occurred and 
their findings are obviously applicable to the cases in our series. 
Their findings were strikingly similar to those of Richspler. The 
degree of wetness or cold to which the tissues were subjected made 
no essential difference to the type of tissue response except quanti- 
tatively. Grossly, the tissues responded by edema. Sections taken 
shortly after its development showed enlargement of the endothelial 
cells in the intima of smaller vessels and infiltration of the perivascu- 
lar tissues with inflammatory cells. Connective tissue cells were 
swollen and there was plentiful deposition of fibrin in the tissue 
spaces, molt marked beneath the skin papillae. Concomitant changes 
of an inflammatory nature were observed in the regional lymph- 
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nodes. Organisms, staphylococci and streptococci were observed in 
the subcutaneous tissues before any break in the integument occurred. 
Application of heat to or constriction of the damaged tissues 
appeared to be harmful and resulted in extravasation of blood. 
Sections* of tissues removed from patients in our series differed in 
no important respect from those described by Brahdy."* 

Bearing in mind the pathology of frostbite, certain general 
observations on the early treatment of the condition may be made: 

It is obvious from the experimental studies described above that 
trauma to the tissues must be avoided. Rubbing, with or without 
snow, is certainly harmful. Heat, in any form, must be avoided. This 
was first noted by Larrey! and Davys.* In recent articles Greene?! 
and Clouston*’ have both stressed these points. There is a tendency 
by some, to use the Pavex treatment early in the disease. Greene*# 
advises against this. On pathological grounds there are serious objec- 
tions to its use since there is certainly a risk of additional trauma to 
the tissues. Miscall,?! in 1937, suggested that paravertebral sympa- 
thetic block might be considered without, however, recommending 
it. Here again, I can see no possible advantage and upon pathological 
grounds there are, | think, serious objections. Certainly trauma and 
infection must be rigidly guarded against. In first degree frostbite, 
rest, elevation and strict attention to asepsis resulted in a rapid 
amelioration of the condition in our hands. As soon as the cases 
came under observation this treatment was instituted and in no 
patient did we observe any progression of the disease while under 
treatment. Swelling subsided in due course; the pain gradually 
disappeared and in the majority there was complete or nearly 
complete restoration to integrity. 

There were, however, some in whom a considerable disability 
persisted. This resulted from persisting thickening and stiffness of 
the toes, feet, and in one case, of the hands. It is obvious from the 
pathological data available that this is due to fibrous tissue forma- 
tion. Since the formation of fibrous tissue is dependent upon tissue 
reaction it 1s equally obvious, I think, that anything which can 
minimize tissue reaction may be of considerable value.t:!*» Webster, 


* I am indebted to Dr. J. E. Josephson, Pathologist, Public Health Laboratories, 
St. John’s, for his invaluable assistance in the study of these tissues. I am also indebted to 
Dr. W. Roberts for his kindly encouragement in preparation of the paper. 

+ Thus Lake suggested the use of vasoconstrictor drugs to reduce the head of pressure 
on the capillaries and Lewis and Love suggested obstructing the circulation in an effort 


to achieve the same results. 
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Woolhouse and Johnston” have recently employed and described 
the use of refrigeration of the affected tissues. They have noted 
immediate improvement following the institution of this treatment 
as evidenced by improvement following disappearance of the swell- 
ing and the reabsorption of blebs. 

In the late treatment of these cases, that is to say, when the 
primary inflammatory reaction has subsided, physiotherapy, 
undoubtedly has a place and should be employed. 

In the treatment of second degree frostbite conservatism should 
be practised. Rabut,?? Greene,?4 and Thompson” all have observed 
that the line of demarcation may ultimately prove to be considerably 
distal to its apparent site. I can recall one case of frostbite, not in 
the present series, in which the distal phalanx of the finger appeared 
to be completely mummified. In the course of time the mummified 
area completely separated and fell off like a glove leaving a complete 
and normally functioning distal phalanx. In many cases it is obvious, 
if sufficient time is allowed to elapse, that superficially the area of 
gangrene is much more extensive than is present in the deeper tissues. 
In these cases in our series in which amputations were practised | 
did not observe that any significant time was saved, for in many 
healing was considerably delayed. It would seem that the ideal 
treatment would be to allow spontaneous separation of areas of dry 
gangrene, to trim necrotic bone and permit healing by granulation. 
This will in most cases serve to preserve the maximum amount of 
function. 

In third degree frostbite amputation must be performed suffi- 
ciently high to permit removal of all areas of gangrene. We did not use 
guillotine amputations but in all cases flaps were cut and in no case 
was re-amputation necessary because of infection or spread of 
gangrenous process. There were, of course, some instances in which 
small areas of slough developed in the skin but these did not prove 
serious. Since these amputations were life-saving procedures which 
were performed upon tissues seriously devitalized, we did not think 
it proper to concern ourselves at the time of amputation with the 
ultimate problems of prosthesis. * 

The problem of prevention of frostbite in shipwrecked mariners 
is admittedly difficult but it is my opinion that many of these cases 
can be prevented. I believe that the provision of a form of protection 
for the lower extremities at least, which would prevent heat loss 


* Had dry gangrene been present, prosthesis would, of course, have been the factor 
in determining both the time and site of amputation. 


240 BROWNRIGG—FROSTBITE 


and at the same time be waterproof, would be a great advancement. 
Soft sealskin boots might be of considerable value. 

Sailors operating in submarine zones are now compelled to wear 
life-jackets at all times. This is fitted with a signal light. The addi- 
tion of a waterproof compartment containing protective garments 
for the extremities should not prove impossible. 
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DISCUSSION 


Grover C. PENBERTHY (Detroit, Mich.): Dr. Brownrigg is to be con- 
gratulated, I think,-on his study of a very unusual group of cases. It is 
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timely that this subject be presented to this organization, in view of the 
fact that many may be called into the naval service to handle this type of 
lesion; and [ think we will all agree with Dr. Brownrigg as regards his 
classification and his conservative treatment which, of course, means sup- 
portive treatment from the beginning, early recognition of the lesion that 
may require more radical surgery, and at the same time conserving as 
much as possible. 

One in civil life has little opportunity to see frostbites such as have been 
described. However, I am going to present two cases which were treated 
by Dr. Johnston, a member of this Association, and describe just what was 
done with these two patients. 

The first individual, sixty-five years of age, was admitted to Receiving 
Hospital about 1 A.m. Three hours prior to admission, he had been drinking, 
and on his way home met with a snow drift and fell; he could not get up and 
the policeman eventually found him and brought him to the Receiving 
Hospital. 

Both hands were markedly swollen and there were blisters. Dr. Brown- 
rigg referred to the paravertebral block. I might say that this particular 
case was treated by the cervicodorsal block after the technic of Ochsner 
and Gage, and it apparently did something to add to the comfort of the 
patient as well as improve the general circulation, as Dr. Johnston described 
it. 

The second case was a gentleman who went fishing out on Lake St. 
Clair. He wore mittens and felt that his hands were warm, but he started 
to have a peculiar feeling in his hands, so he returned home. Soon afterward 
he immersed his hands in warm water, which Dr. Brownrigg has warned 
against, and was later admitted to the Receiving Hospital. This individual 
also received multiple cervicodorsal injections. 

Both cases eventually required amputation of the fingers. 

Fraser B. Gurp (Montreal, Canada): I am going to get all the credit 
that I possibly can from this meeting and draw attention to the fact that 
Dr. Brownrigg was an ex-resident of mine at Montreal General Hospital, 
and I knew that he had had this rather unique experience with these 
unfortunate persons. 

Another reason may be that perhaps Dr. Marble’s reading may have 
influenced him, because it is a fact, as some of you may have known, that 
on more than one occasion I have made contributions (or at least so I 
thought them to be) on the subject of acute bone atrophy, with regard to 
the late results of these cases, particularly of trench-foot as we saw it in 
the last war and in a large number of cases following the last war. I feel, 
myself, that the late phenomena shown by these cases are tied up with the 
subject of acute bone atrophy. 

Of those in the room, Dr. Donald Gordon, Dr. Herrmann and myself 
have all written on this subject. We are all at the same level with regard 
to it in that none of us knows anything about it. I shall not attempt to open 
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the subject of acute bone atrophy or the late results of trench-foot, because 
that is not what we are discussing. 

SURGEON LieEUT. COMMANDER F. M. WooLHOUSE, R.C.N.V.R. (Boston, 
Mass.): I should like to report just very briefly on one very small aspect 
of the treatment of what we still prefer to call immersion foot, because 
Lieutenant Commander J. C. White, of the United States Navy, who saw 
our cases and worked with us on them for over a week, has just reported 
having seen another large group of cases who were picked up in the Gulf 
Stream off our southern seaboard. These patients show almost identical 
lesions, and in that case, of course, there is no question of true frostbite. 

We had a total of 142 cases who showed lesions similar to those shown 
by the cases of Dr. Brownrigg, and in view of the explanation of Freeman, 
that developing gangrene is simply due to the discrepancy between the 
local tissue demands and the available blood supply, and that the available 
blood supply could be utilized by decreasing the local tissue demands, it 
occurred to us that the simplest and most expeditious manner of doing this 
would be to apply dry refrigeration. We had no other means at our disposal 
except the use of ice bags, and after wrapping the feet in sterile towels, 
after careful aseptic and antiseptic preparation of the feet, the feet were 
elevated and around the sterile towels were placed several ice bags. Our 
aim was to reduce the temperature of the feet to about 6°c. below the 
norma! skin temperature. 

We found pitting edema, great extravasation of blood, and the feet 
were often bullatious up to three or four inches above the ankles. We found 
this difficult to do because of the intense reaction to tissue injury. However, 
the ice bags were changed at intervals from four hours down to twenty 
minutes, depending upon the demands of the individual case, and we were 
able shortly to drop the temperature down. 

This produced very dramatic early results. In a period of four hours or 
less, the edema has practically subsided in the mild cases; in a period of one 
or two days it had subsided in the serious cases and the skin was wrinkled, 
and these large blebs, many of them bigger than the palm of one’s hand 
that Dr. Brownrigg described, had resorbed without any break in the over- 
lying tissue. 

One other dramatic result that was shown was that this was not due to 
elevation alone. We were running skin temperatures on these people with 
a dermatherm, and in going from one end of the ward to the other, which 
took approximately half an hour, a man in the first bed, whose ice bags we 
had removed, and who had had a bleb on the plantar surface of one foot 
larger than the palm of one’s hand, and which had resorbed under treatment 
with the ice bags, was left exposed in the elevated position. By the time we 
got to the far end of the ward, all his edema had returned and the bleb was 
back to its original size. 

I have not seen any of these cases for about two and a half months and 
cannot report on the late results. Dr. Webster will be able to do that. We 
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did note some early delayed effects. In the first place, a lot of people asked 
us why we did not employ methods of sympathectomy or sympathetic 
block, such as had been advised by the French writers during this present 
war, but which had given extremely bad results. These limbs are all essen- 
tially sympathectomized to begin with. Lieutenant Commander White had 
found that the vessels in the affected limb were sensitized to adrenalin about 
the end of the ten-day period, as he has reported previously on limbs 
sympathectomized for other reasons. 

We believe that by this method we can save some tissue. How much, we 
are not quite sure yet. 

Among the other early delayed results are intense pain developing about 
the eighth to tenth day, and in severe cases no subsiding for three or four 
days. This is a burning sensation with superimposed severe lancinating pain 
in the exposed extremities. Other effects were the systemic toxemias that 
Dr. Brownrigg has reported on. Some of our cases showed a transient 
hematuria and albuminuria, with enlargement of the liver, and one other 
patient died with a staphylococcal septicemia following empyema. 

Another important point that was noted was that one officer with very 
severe damage to both feet, which Dr. Brownrigg would have classed as a 
Group J injury, gave a history suggestive of having had a previous renal 
syndrome, and he was consequently heparinized. We believe this was 
responsible for saving considerable of his tissue. 

SuRGEON LiEuT. CoMMANDER D. R. WEBSTER, R.C.N.V.R. (Boston, 
Mass.): These were extremely fascinating cases to work with, and in the 
main I think we agree completely with Dr. Brownrigg, except that we cling 
to our immersion feet term. 

I have returned from one of the southern Marine Hospitals where I saw 
some of these cases that had been adrift in the Gulf Stream where the 
temperature of the water was between 60 and 70 degrees, and two of these 
patients already were showing gangrene of the feet. 

The individual variation in these cases is peculiar. Some of these men 
in the same boat, and apparently very similar types of men, will go on to 
gangrene, and some seem to have nothing at all the matter with them, and 
it seems difficult to predict the moment they come in which are going to 
recover and which are not. 

I have a few slides* and kodachromes of these cases when they came in, 
showing the initial stages. I am sorry we have not the follow-ups. 

I saw these 142 cases that came in about a week ago. Two patients had 
lost several toes; one patient had had one foot amputated, and there are two 
more that should be about ready. 

Another interesting thing about the patients in the hospital at the 
present time, who are probably going to lose limbs, is that they are all 
Australians. They worked in the engine room; they had never before been 
exposed to cold. Of the several cases I saw from the southern waters, they 


* Dr. Webster was unable to show his slides because of lighting conditions. 
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were all colored but one, which again leaves a contrast that ts hard to 
explain. 

LizuT. COMMANDER THOMAS PETERSEN* (Boston, Mass.): The first boy 
was in the water only fourteen hours. He still has no sensation in his feet, 
and he still has rather marked atrophy of his hands. 

The temperature of the water that day was 28 degrees and the tempera- 
ture of the air was 27 degrees. This boy had ulcers of both hands and ulcers 
of both feet, with bleb formation, and he had marked stiffness of his hands 
at the time. Now he still feels cold severely. 

The second boy came from Florida and has lived in Florida all his life. 
He was in the water only half an hour, but he walked in the snow twenty- 
five hours without his shoes. He still has no sensation in his feet at all. He 
had bleb formation on the heels and on the ball of the foot, all of which 
eventually subsided, but we still are having quite a problem getting his feet 
back into condition. He said he felt the cold very badly. His hands are all 
right. 

Louis G. HERRMANN (Cincinnati, Ohio): Dr. Brownrigg has brought up 
some most interesting problems in the study of these cases that I think have 
taught us a great deal. They have worked out the so-called end or late 
results. I should like to say just a few words about what we might term 
the early results. In the Ohio Valley, we have a great number of frostbitten 
extremities because our natives are not protected very well against cold. 
They get inebriated, fall by the wayside, and the next morning they have 
frostbitten extremities. 

In the last two years we have seen fifty-seven frostbitten extremities. 
They are not “‘immersion”’ this time, but they might very well be the same 
physiological problem. We have looked upon these as difficulties falling in 
the realm of pathologic physiology rather than pathology, and I should like 
to detail what we might consider the pathologic physiology to cold. 

In the first place, cold causes constriction of the arterioles in the extremi- 
ties and if the cold is not too intense and too prolonged, it is followed by 
hyperactive hyperemia. If the cold continues, the so-called hyperactive 
hyperemias which are out in the extremity are in a dependent condition 
where a great deal of blood is trapped in the extremity, a great deal of 
venous dilitation or capillary paralysis takes place, and the blood remains 
fluid in these trapped capillary beds for a long period of time. 

In the first stage of this, the ischemic stage, the extremity can bear 
ischemia for a long period of time without undergoing serious changes. It 
cannot stand anoxemia or anoxia that comes from the capillary stasis, so 
before very long, diapedesis takes place, blood cells get out in the tissue and 
you get that particular slate-gray color of the extremity with or without 
bleb formation; and we believe very definitely that if the therapeutic efforts 
can be directed toward the prevention of this particular cycle of pathologic 


* Dr. Petersen presented two patients who were in wrecks in February, 1942. 
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physiology, we will be able to prevent many of these serious complications 
which we cannot cure by any method we know. 

In our experience in this particular type of lesion that we see, the numb- 
ness of the foot is the result of a chronic anoxemia of the peripheral nerves. 
It is an ischemic neurotic, if we dare call it that. We see it a great deal, or 
did see it a great deal until we became very much impressed by the early 
signs. We treat these people from the very earliest moment we can get 
them, and they are kept cold, either by the use of ice in ice bags or any 
method of refrigeration to keep the demand for oxygen down to its lowest 
level. That, I think, is very important. The next most important thing, 
I believe—and I think it is borne out by our own cases, which are nothing 
to compare with Dr. Brownrigg’s excellent series—is that if you can keep 
the blood circulating by any means, by very gentle superficial massage or 
by perivascular exercise, these serious complications do not result nearly as 
often. 

We have not lost any extremities in the last five years by amputation. 
We have lost toes. Our degree of frostbite or frozen extremity is nothing 
like Dr. Brownrigg’s presentation, and I am only telling you this because 
I do believe more careful attention to the early pathologic physiologic 
signs is extremely important in the prevention of serious complications from 
the exposure to cold. 

Epcar L. Gitcreest (San Francisco, Calif.): I think an explanation is 
due you that I, who spent the first half of my life deep down in the heart of 
Texas, and the latter half looking for a more salubrious climate in California, 
should discuss the subject of frostbite, but I saw in the Turko-Balkan war in 
1913 (the first war where they really had trench warfare) literally hundreds 
of these Serbian soldiers, who had stood in the trenches in the snow for 
hours, with what we called trench frostbite. In Britain in 1915, I saw 
many who had stood for hours in wet trenches with what we called 
trench feet. 

In the last war I happened to be Chairman of the First Corps of Dis- 
ability of the A. E. F., where hundreds of these soldiers passed through my 
hands to be returned to the United States. 

Previous to our going into the war, we had for several years heard the 
argentiferous-tongued William Jennings Bryan say we could raise a million 
men overnight and we should not get particularly exercised over the 
European war. We did raise a million men overnight, and they were men, 
not soldiers. The Negroes were sent out of the Deep South to Hoboken, 
with shoes that were too tight on their feet. They went down into the 
bottom of the boat. They could not fish and they did the only other thing 
they knew how to do, slept and shot craps, and they did not need shoes for 
that. They got to France. It was January. They put on the too-tight shoes 
and were put on the train, and they rode in trains that had no heat what- 
ever, and their feet began to swell. Dr. Herrmann mentioned to you the 
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phenomenon that takes place, and the swelling of the feet in those too-tight 
shoes. 

They were taken off the train, put in an ambulance, never walked a foot 
of soil in France, were brought to the hospital suffering with these various 
phenomena of vasomotor conditions, and they suffered greatly. They were 
brought back to the boats weeks or months later in ambulances and brought 
back to this country. That cost us literally millions of dollars, but the fact is 
that we saw all these things, whether you call them frostbite, immersion 
feet or trench feet. The important thing is that in this war we are going to 
see a great many of the same things; and if we can do anything now to 
prevent it, it will be a very important thing. 

I think we will have no paper during this whole meeting that will be 
more important than the ones that we have had this morning. In the case of 
one man, we had to amputate ten of his toes, and walking with your toes 
gone is like walking on stilts. I think a paper that will bring out what we 
can do, is very timely; we should educate the public as well as the army 
general as to what should be done. The whole thing is a vasomotor phe- 
nomenon. A great deal of it can be prevented, and I think anything that 
will bring that out at this time has been a very important contribution. 

WiiurAM Darracu (New York, N. Y.): I shall take one minute and 
thank the Program Committee for going not only to Boston and the big 
cities, but when they want something real for going to Newfoundland. 
Therefore, on the part of the organization I want to thank Dr. Brownrigg 
for his delightful presentation and for his long trip down here. 

Mis Gace (New Orleans, La.): I certainly enjoyed Dr. Brownrigg’s 
paper. Of course, I am down in the South where we do not have very much 
of this. It is rather interesting to note that we do have it in the Gulf Stream. 

I wanted to say a few words about sympathetic block. Dr. Penberthy 
brought that up, and Dr. Herrmann mentioned the pathologic physiology 
or the physiologic pathology, and I think in these cases, in the circulation 
in the foot or extremity, one is dependent upon the other, that is, the 
arterial, the venous and the lymphatics. As Dr. Herrmann says, once the 
congestion of the capillaries occurs, the lymphatic flow practically ceases. 

Dr. Penberthy showed the excellent results they have from stellate 
ganglion block, which is so simple that our second and third-year residents 
do it. It is a simple procedure, and especially in the exudative stage I think 
it is most enabling, because I have injected about twenty cases of bad 
infections of the hand in which they had become edematous. We have 
blocked the stellate ganglion daily for four to five or ten injections, which is 
very simple and does not produce any damage. You should be careful not to 
get into the vertebral artery or the dome of the pleura. After the injection 
in these cases of infected hands which are edematous and sloughish, the 
patients ask for it because of the relief of pain; and to me the disappearance 
of the edema in these infections and the rapid healing of the hand is most 


= 


BROWNRIGG—FROSTBITE 247 


dramatic, so much so that I have been afraid to publish it, and I have been 
doing it for the last six years. I have not published anything because it was 
quite dramatic and I wanted to wait for a larger series. 

I showed Dr. Robert Payne the results and I had a letter telling me that 
in these infections of the hand with marked edema, and so forth, he had 
never used anything that gave him more gratifying results; and I think in 
the exudative stage, in which there is practically complete cessation of 
capillary pulsation and stoppage of lymph flow, as we have shown in 
the experimental laboratory, by simple sympathetic block all of this is 
overcome and the edema rapidly subsides, very much as it does in the 
thrombophlebitis. For instance, I have seen a case of a very extensive 
thrombophlebitis of the leg, with the limb swollen from the thigh down to 
the foot, when it seemed almost as though the skin would rupture from 
the edema, in which five injections over a period of six days, lumbar 
sympathetic block with novocaine, brought a normal temperature on the 
tenth day. 

I am sure what others suggested about the application of cold in the first 
stage is correct, but in the exudative stage I would suggest they use sympa- 
thetic block, and I think the results will be most gratifying. 

This paper has been of great interest to me. I enjoyed it and I would 
certainly like to congratulate the essayist. 

Garrett M. Brownricc (closing): I do not think there is very much to 
add except that I would like to say, in the case of the Gulf Stream, that 
50°F. water is still 48° colder than the human body is accustomed to. 
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N this war period a considerable number of neurosurgeons have 
entered or will enter the various armed forces. Therefore, 
general surgeons interested in the surgery of trauma will 

necessarily have to care for many more cases of craniocerebral 
injuries. 

With this in mind I| have prepared the following paper in the 

hope that it may be of some value to this group of surgeons. 

Intracranial operative procedures or explorations are carried out 

more frequently for blood clots than for any other group of cranio- 
cerebral injuries, with the exception of compound and depressed 
fractures of the skull. In fact, these two groups account for prac- 
tically all intracranial operations associated with trauma. More often 
the operation is carried out for a single lesion, but all three varieties 
of hematoma may be present in the same patient, and they all may 
be found on one side, one superimposed upon the other. Each group 
will be considered separately. 


EXTRADURAL HEMATOMA 


Extradural hematoma ts located between the dura and the inner 
table of the skull. It results most frequently from injury and tearing 
of the middle meningeal artery, or one or more of its branches. The 
artery enters the cranial cavity through the foramen spinosum, 
situated in the base of the skull rather deep in the middle fossa. It 
passes upward and outward for a short variable distance and divides 
into two main branches, the anterior and posterior, which supply 
blood to the major portion of the dura. Tearing through or into this 
vessel or its branches results in formation of a blood clot between the 
dura and the inner table of the skull. The size and rapidity of forma- 
tion of the clot depend upon the site of injury to the vessel and the 
age of the individual. This lesion occurs more frequently in young 
adults and patients of middle age, although it may be present at any 
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age. It is more common in males than in females. Especially in the 
first decade, the dura is loosely attached to the inner table, and the 
middle meningeal artery and its branches lie in very shallow grooves, 
so that an injury to the skull would be less likely to injure the vessel. 
In the aged group, the dura is more likely to be intimately adherent 
to the inner table of the skull so that even though a linear fracture 
might injure the middle meningeal artery or its branches, separation 
of the dura from the skull is less likely to occur, hence, the paucity of 
instances of accumulation of blood clot between dura and skull in 
this group. 

A linear fracture of the skull traversing the course of the middle 
meningeal artery or one or more of its branches is the commonest 
cause of extradural hematoma, although this lesion also results from 
more complicated fracture lines including a depressed fragment. In 
younger adults the fracture line may lacerate some of the smaller 
branches which do not groove the inner table so decidedly, with the 
result that the blood clot may be smaller and slower in forming. 
Doubtless, many instances of small extradural blood clots occur 
and go unnoticed, because they produce no recognizable signs or 
symptoms. 

The posterior branch is more frequently injured than any other 
portion of the middle meningeal artery, and occurs as often on one 
side as the other. The resulting blood clot is biconvex and discoid in 
shape, similar in shape to the crystallin lens. The size depends upon 
the amount of injury to the vessel and the ease with which the dura 
is separated from the inner table of the skull. If the vessel is small 
and the dura is more firmly fixed, the clot forms more slowly result- 
ing in delay of appearance of the typical signs and symptoms asso- 
ciated with this lesion. When the vessel is completely torn through, 
with quick outpouring of blood, and when the dura is loosely 
attached, the clot is larger, is formed more rapidly, and results in 
death due to the rapid gross compression of the brain in its non- 
elastic bony case, if the condition is not promptly relieved. 

What is stated above refers also to the anterior branch of the 
artery. The main trunk of the vessel is less frequently injured. One 
must remember that the trunk of the vessel lies deep within the 
middle fossa beneath the sphenoidal lobe and nearer to more vital 
basilar structures of the brain. In this location the clot is more likely 
to be ovoid, pressing upward beneath the sphenoidal and frontal 
lobes; and when the vessel is injured at this site, the classical picture 
is less likely to ensue, due to the absence of hemiparesis or paralysis, 
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unless the clot rapidly dissects the dura away from the inner table 
of the skull and extends upward over the motor area. 

Extradural hematoma may, but seldom does result from injury 
of one or more of the larger venous sinuses of the dura, the lateral 
sinus being more often involved. 

Symptoms. The typical syndrome associated with extradural 
hematoma is pathognomonic. Munro stated, with reference to extra- 
dural hematomas: “These are the classical examples and have served 
as the models upon which the symptomatology of all brain injuries 
was based.” 

For practical purposes, all of these clots which come to the atten- 
tion of the surgeon might be considered acute. I have never had 
occasion to operate upon a chronic extradural hematoma, unless one 
of seven or eight days’ duration should be so considered. The typical 
picture is as follows: The patient receives a blow on the head, more 
frequently on the side than fore and aft, of sufficient force to produce 
a linear fracture of the skull, more often simple than compounded. 
Unconsciousness develops, and after a variable interval conscious- 
ness returns. The patient may be somewhat hazy and there is usually 
an interval, the so-called “‘lucid interval,” in which the patient is in 
control of his senses. He may even telephone from the corner store 
or some other place, to his family, stating that he has had an accident 
but feels all right. Following this lucid interval, which may vary 
from minutes to hours, unconsciousness, perhaps accompanied by 
hemiparesis or paralysis occurs again, followed by deep coma and 
deep sterterous breathing. The patient never recovers unless the 
blood clot is promptly evacuated and bleeding controlled. The pulse 
is slow and full. 

Unfortunately, such a simple picture does not always present 
itself. Indeed, the symptomatology and diagnosis may be quite 
obscure. The hemiparesis or paralysis associated with extradural 
blood clot, when present, is contralateral, and is due to pressure over 
the motor area. Should the blood clot be low in its position, for 
example in the middle fossa, without dissecting over the motor area, 
paresis or paralysis of the opposite side may not be present. 

Kennedy and Wortis stated that the presence of a dilated pupil 
indicates that the clot is on the same side as the dilated pupil. The 
clot may be bilateral, but this is a rare occurrence. Extradural clot 
may occur, but seldom does, without fracture. 

There may be an underlying homolateral subdural and, or, sub- 
cortical blood clot; or an associated contralateral subdural hema- 
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toma, with or without contrecoup brain damage. The spinal fluid 
may be clear, pink, or grossly bloody, depending upon the amount of 
brain injury. Theoretically, the fluid should be clear, but actually 
this does not always obtain, for the reason that brain laceration in 
addition to simple compression is often present. 

Pathology. The blood clot may vary in size, shape, thickness, 
color and extent. Its rapid production followed by the acute depres- 
sion and compression of the brain like a foreign body produces the 
rapid oncoming symptoms. The hematoma usually consists of solid 
clots which resemble currant jelly, or they may be as dark as 
raspberry jelly. Usually the clot is friable, and ordinarily a portion 
of it is immediately extruded through the burr hole in the skull. 
According to Vance in his autopsy series, the clot varies in weight 
from 40 Gm. to 300 Gm., and it may be an inch or more in thickness. 

Extradural hematoma complicates craniocerebral injury in about 
2 to 5 per cent, and probably is less common than is generally 
believed. Vance’s figures show that a considerable number of cases 
are never recognized except at autopsy. There were 106 instances of 
extradural hematoma in his series of 507 autopsy cases, of which 
sixty-one clots were of sufficient size to produce death through 
cerebral compression. He stated that the duration of the clinical 
course was variable, and that over half of the patients died within 
twenty-four hours. A large proportion were found dead. He advanced 
the belief that a number, after injury and during lucid intervals, 
wandered away from the scene of the accident, possibly in fairly good 
condition, and were overcome by the rapid on-coming stupor and 
coma, and died without observation. Others were found in deep 
coma so profound and so prolonged that operation was of no avail. 
No doubt, in many the condition was confused with the alcoholic 
state and was not recognized. 

Treatment. From the foregoing one can judge that the treatment 
is surgical demanding immediate removal of the blood clot. If opera- 
tion is too long delayed, compression of the brain stem takes place to 
such an extent that the condition is irretrievable. Immediate opera- 
tion is probably never indicated in cases of craniocerebral injury so 
positively as in the case of extradural hemorrhage. The urgency of 
operation is almost as great in some instances as in stab wounds of 
the heart. In my own experience the presence of the surgeon in the 
hospital at the'time of admission of the patient prevented, the loss of 
life in more than one instance. Had it been necessary-to call the 
surgeon from any distance the period of safety would have passed. 
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If time permits, the patient should be taken to the x-ray room on 
the way to the operating room so that films, especially lateral films, 
may be made. In view of the fact that a large percentage of these is 
associated with linear fractures of the skull, the position of the 
fracture line, in addition to other clinical evidence, may indicate the 
point at which the burr hole should first be made. The films can be 
developed and viewed as wet films while the head is being shaved 
and the scalp prepared. 

Operation is carried out under a local anesthetic. In some in- 
stances the stupor or coma may be so deep that no anesthetic will be 
needed until after evacuation of the clot. The patient may then 
quickly regain consciousness, and local anesthesia may be required 
for proper closure of the incision. 

The burr hole is made over the site selected through a muscle- 
splitting vertical or oblique incision, depending upon the position of 
the clot. The burr hole may have to be made over the postparietal or 
in the temporal region, and in instances in which one is led to believe 
the clot is low in position and probably in the middle fossa, the 
opening should be made low in the squamous portion of the temporal 
bone just above the zygoma. Osteoplastic flap is mentioned only to be 
condemned. No time should be wasted in application of numerous 
artery forceps and skin clips to the scalp. Self-retaining retractors 
will suffice to provide adequate exposure and control bleeding. When 
the burr hole is made, a considerable amount of clot will be spontane- 
ously extruded through the opening, if it is properly placed. It is 
advised that this opening be enlarged so that proper evacuation of 
the clot and control of hemorrhage may be accomplished without 
tedious delay, especially when the clot is rather large and thick and 
in the temporal region. The musculature and scalp will give adequate 
protection. In instances in which it Is not necessary to open the dura, 
or in which the dura has been opened and closed, and is approxi- 
mated to the pericranium, the bone will re-form anyhow. In a 
number of instances evacuation of the clot will suffice. This is done 
by suction and curettage will not be necessary. The bleeding may 
have stopped, but if it is mild the bleeding points can readily be 
controlled by suture ligatures or electrocoagulation. 

When the fracture line involves the trunk of the middle meningeal 
deep in the fossa, the active bleeding may be considerable, and the 
site of the injury to the vessel may be found with difficulty, if at all. 
It may be controlled by narrow gauze packing brought out through 
the lower angle of the incision and removed gradually over a period 
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of four or five days. Should there be any doubt as to adequate control 
of bleeding, it is advised that immediate ligation of the external 
carotid artery be done as indicated in some cases of nose bleed. 
Ligation will rarely be indicated. The ligation can be done in a few 
minutes and will add but little risk. Collateral circulation will not 
prove troublesome. 

Should the dura appear “bluish” it should be opened and the 
subdural clot removed. It is advised that the dura be loosely closed 
leaving an interval between sutures for the escape of any subdural 
fluid which might accumulate. 

Munro advises opening the dura in all cases, but I see no necessity 
for this except in the presence of clot or free fluid. With this Coleman 
agrees. Creation of a dural opening for decompressive effect is seldom 
indicated. Should a subdural clot be found and removed, a small 
rubber dam drain Is inserted just beneath the dura between sutures, 
and removed after twenty-four to thirty-six hours. After complete 
removal of all clots and loose closure of the dura, it is well to fix the 
elevated dura to the overlying pericranium with sutures in order to 
obliterate the ‘dead space” which would otherwise exist. The inci- 
sion is then closed in layers with interrupted silk sutures. Blood 
transfusion and infusions may be indicated. In one instance I 
observed the three types of blood clots through the same incision, the 
one superimposed on the other, and after removal of all three clots, 
the patient recovered. 

Prognosis. In uncomplicated cases, rapid and complete recovery 
may be expected. The patient may “wake up” on the table and have 
to be restrained by assistants and belts. On the other hand, the 
tremendous degree of compression may be so great and prolonged 
that the patient will not recover regardless of the adequacy of the 
operation. One must always consider the possibility of a concurrent 
injury or lesion, and should bear in mind that the blood clot may be 
bilateral, especially in circumferential linear fractures. There may be 
a subdural clot on the opposite side, or gross damage by contrecoup. 
If the patient’s condition does not show the expected improvement 
following evacuation of the extradural clot, one should not hesitate to 
make a burr hole on the opposite side. It is humiliating to see the 
patient lapse into coma followed by death, and have autopsy reveal 
a large clot on the opposite side. It is even more humiliating at 
autopsy to find that the burr hole was placed a short distance from 
the margin of the blood clot without localizing it. Probably most of 
us have had this experience. 
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In conclusion, practically all patients with uncomplicated extra- 
dural blood clots overlying the cerebrum should promptly recover if 
the operation is performed at the proper time, the blood clot is 
completely removed, and the bleeding adequately controlled. 
Unfortunately, many cases are seen too late, and others show severe 
complications. 

With reference to the extradural clot of the posterior fossa, a few 
words might be said. Here the clot most usually results from injury 
of the lateral sinus or one of its tributaries, although it could be 
arterial in origin. Smaller clots may prove to be more quickly 
disastrous on account of the small space involved in the posterior 
fossa, and the fact that the compression involves the more vital 
centers. Fortunately, this group is very small. It goes without saying 
that evacuation of the clot and control of bleeding should be carried 
out immediately, and even so the prognosis is not favorable. 


SUBDURAL HEMATOMA 


Although the condition was described by Virchow, in 1857, and 
termed “‘pachymeningitis hemorrhagica interna,”’ and four typical 
chronic cases were reported in their entirety by Trotter, in 1914, 
subdural hematoma as an entity was not properly recognized until 
after the report of Putnam and Cushing, in 1925. When one con- 
siders the fact that the lesion frequently results from the mildest 
kind of trauma or a bump on the head, one must concede that this 
lesion most assuredly has occurred since the beginning of mankind. 
It is almost unbelievable with the other advances in modern surgery, 
that this condition evaded recognition by the medical profession 
until recent times. Only a few articles on this subject appeared in the 
literature in the late 1920’s after the paper by Putnam and Cushing. 
However, since 1930 many splendid articles and papers have made 
their appearance. Now, the “typical”? subdural hematoma is 
recognized by neurologists and neurosurgeons as an entity, just as Is 
the extradural clot. 

The occurrence of this lesion seems to be frequent in recent times 
contrasted with its almost complete lack of recognition prior to 1925. 
During our intern days in 1909 to 1915 we heard of the diagnosis of 
“‘pachymeningitis hemorrhagica interna” made at autopsy by 
Doctors Charles Norris and Otto Schultz, but further than the 
diagnosis the condition was not understood. It was not known as a 
“subdural blood clot.’’ We were completely ignorant of the nature of 
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this lesion at that time. Deaths resulting from this type of clot 
evidently were ascribed to a “cerebral attack,” apoplexy, or some 
other intracranial episode which was not understood or appreciated. 
Even in this day and time, most cases of chronic subdural hematoma 
are referred by the patient’s physician to the neurologist or neuro- 
surgeon with the probable diagnosis of ‘‘brain tumor.” 

General surgeons who may be most proficient in all their other 
undertakings, may not be sufficiently aware of the presence of a 
subdural clot which could readily be evacuated by any one of them, 
were the condition recognized. Considering the fact that these 
accidents occur over such a widespread area, and the paucity of 
neurosurgeons, it behooves the general surgeon, especially those who 
devote much of their time to traumatic surgery, to pay more atten- 
tion to the trivial accidents that result in this condition which may 
be so readily relieved by simple trephine in many instances. For this 
reason, emphasis on this subject is made. 

Subdural hematoma should be considered as “‘acute’’ or 
“chronic” hematoma. 

Acute Subdural Hematoma. It is well understood that if an acute 
hematoma is not removed, and if the patient lives sufficiently long, 
the lesion becomes “‘chronic”’; that is, the chronic lesion is merely a 
later stage of the acute condition. No time limit has been set to 
indicate the termination of the acute stage and beginning of the 
chronic stage. Kennedy and Wortis, in their paper, included in the 
acute group only cases occurring within twenty-one days. 

From the practical standpoint, acute cases should be subdivided 
into two main groups: First, those associated with massive and gross 
trauma of the skull and brain, in which the subdural clot may or does 
play a minor role; and second, those cases which usually follow minor 
trauma to the head, with no injury to the skull, and but little injury 
to the brain and its coverings. In the second group the subdural clot 
plays a major role. 

In the first group most of the patients will die with or without 
treatment. Even when the clot is removed the mortality is very high. 
Consideration of the treatment and management of this group does 
not fall within the scope of this paper. 

In the second group it is believed that a “‘stmple”’ uncomplicated 
acute subdural blood clot results in most instances from a mild blow, 
probably on the anterior or posterior aspect or pole of the head. The 
blow or trauma may be so mild that it will not be remembered by the 
patient, or the patient when examined may be in such deep stupor or 
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coma that no history of a blow can be obtained. The blow may be so 
trivial that no evidence of it can be found by examining the scalp, 
and it is usually not associated with fracture of the skull. Most 
writers believe that the clot forms as a result of tearing or rupture 
of the cortical veins in the free subdural space after their coalescence 
and before their entrance to the major or venous sinuses of the dura. 
It is believed that the trunks of the cortical veins suspended in the 
subdural space between the cortex and the dura are torn through by 
propulsion of the brain bulk forward or backward, after sudden 
arrest of motion of the skull by the impeding object against which 
the skull is struck. In most instances in which history can be obtained 
it will be determined that the “head was struck against something” 
rather than the “‘head was struck by something’’; 1.e., the head was 
in motion. Typical examples are cases in which the patient stoops 
over or leans backward and strikes the head against a table, piano, 
bathtub, etc. In all these instances the motion of the head is sud- 
denly arrested, while that of the brain continues. The force and 
excursion are sufficient to tear the cortical vein or trunks, without 
necessary contrecoup damage to the poles of the brain. One might 
crudely but graphically compare this picture with that of a person 
standing in a wagon-bed, driving a team of horses at full tilt. Should 
the horses stop suddenly and unexpectely, the driver most likely 
would be propelled forward against the wagon-bed. The shift of the 
brain in its case Is greater in the fore and aft directions than from 
side-to-side, due to the fact that the falx cerebri acts as a stabilizer in 
the lateral direction, as well as the fact that the brain bulk is greater 
in the anteroposterior diameter. The greater width and fixation of 
the falx at its posterior extremity may account for the fact that the 
clot usually extends more over the frontal than the occipital pole of 
the cerebrum. 

In addition to the assigned type of trauma, there must certainly 
also be some predisposing cause, such as short trunks of the cortical 
veins, weakness and friability of the venous wall, etc. No doubt every 
living person has struck his head, not once but many times, with 
various degrees of violence, yet only a few persons suffer from 
formation of a subdural clot. In fact, a clot may form from spontane- 
ous rupture of a vein in the subdural space without evident trauma, 
a fact also recognized by Virchow. Halpern reported a case in which a 
cerebral aneurysm ruptured at the point where the internal carotid 
passes through the subdural into the subarachnoid space to continue 
as the left middle cerebral artery. The author observed the same 
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condition in a patient about four months ago. In this patient the 
pupil alternated several times between normal size and marked 
dilatation. The aneurysm was no larger than a split pea. 

A large subdural clot may also result from injury of the major 
venous sinuses and may terminate in early death. It may also be the 
result of complete division of the middle meningeal artery with a 
markedly adherent, lacerated dura. The proximal end of the artery 
may project through the rent in the dura and quickly pour its full 
volume of blood into the subdural space. If it is not removed imme- 
diately, death promptly ensues. 

When the vein is torn, free bleeding takes place over the cortex, 
usually the cerebral, with varying degrees of rapidity and volume. 
Should the anterior veins beneath the frontal or sphenoidal poles be 
torn, the clot may extend downward beneath these lobes, or upward 
and backward over them, or both. Or, the injured vein may be 
posterior in position, with the major portion of the clot in this 
vicinity. More commonly one finds the clot extending over the 
cortex occupying practically the entire length of the cerebrum from 
pole to pole, in an anteroposterior direction, and from near the 
midline downward below the upper portion of the squama. Therefore, 
its horizontal length is usually greater than the vertical, and thus 
differs from the discoid or ovoid form of extradural clots. The clot is 
thickest in its central portion, and biconvex in shape, the external 
surface being greater in convexity. It may be an inch or more in 
thickness. The clot may be solid, having the typical dark blue-black 
color of clotted venous blood if seen early after its formation, if only 
venous damage has occurred. Frequently, the pia-arachnoid will 
have been torn, in which instance the clot will be more fluid in 
character. In fact, the bulk of the mass consists of dark bloody fluid, 
decidedly more fluid than clot, and can be readily evacuated through 
a small incision in the dura. 

The cerebral mass is displaced downward and toward the oppo- 
site side by the clot in unilateral lesions; if bilateral, downward only 
for the most part. The associated symptomatology is due to the 
compression and displacement of the cerebrum rather than to the 
internal loss of blood per se. 

The pathology, including composition, organization and partial 
liquefaction of the clots has been fully and adequately described by 
Munro and Merritt, Putnam, Gardner, Zollinger, and other writers, 
and will not be considered in this paper, primarily intended for the 
practical use of the surgeon. 
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Symptoms and Signs. One could expect that a displacing lesion 
of such large proportions would be followed by bizarre signs and 
symptoms. This may or may not be the case. The lack of signs and 
symptoms may be marked. There may be only mild headache. 
Should this increase, a physician may be consulted, and after a 
cursory examination the patient may be dismissed with a prescrip- 
tion for medication for the relief of headache. 

This picture in cases of simple uncomplicated acute hematoma 
may prevail from hours to several days. Sooner or later, however, 
certain signs and symptoms will appear, partly subside or disappear, 
and then recur. Although there is no pathognomonic syndrome, as Is 
present in a typical case of extradural hematoma, it is believed that 
the effect on consciousness in the “in and out”’ picture, as we call it, 
is one of the most constant findings and leads one to suspect promptly 
the presence of a subdural clot. More often one may obtain the 
history of some injury to the head from the patient, family or 
witnesses. There may be a period of loss of consciousness from two 
to twenty-four hours, headaches, and irritability, from all of which 
he may apparently recover, with a lucid interval of three days to 
several weeks or months. On the other hand, drowziness may 
progress into deep stupor and coma, from which the patient may not 
recover. 

All varieties of changes in the reflexes and peripheral pareses or 
paralyses have been observed. Unilateral central type facial weak- 
ness is common. The hemiparesis or paralysis, when present, may be 
home- or contralateral, possibly about equally divided, but in my 
experience, more often on the homolateral side. To my chagrin, in 
the earlier days before this fact was known to me, I had a disap- 
pointment similar to that of Grant, Gross and others, in that only one 
exploratory burr hole was made, and that on the contralateral side. 
This patient had been walking about for five days after a mild blow 
on his head, and came to the hospital under his own power. At 
autopsy an enormous clot was found on the homolateral side. 

The pupil may be dilated and fixed without ptosis of the eyelid. 
Some writers state that the dilated pupil is found as often on one side 
as the other, with reference to the location of the clot. At Bellevue 
Hospital we noted that it was more common on the homolateral side, 
and was one of the chief indications for selection of the site of the 
first burr hole. 

The cerebrospinal fluid may be clear and of normal contents, if 
there is no laceration of the brain, but may be xanthochromic, pink 
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or grossly bloody depending upon the amount and position of the 
brain damage or laceration. It usually shows considerable elevation 
of pressure by the manometer in this stage, but the pressure may be 
within normal range. The pulse may be slow, normal or increased in 
rate, and may vary in rate and volume even while the hand is on the 
pulse. Leukocytosis is usually observed due to the presence of the 
blood clot or blood in the cerebrospinal fluid or both. The tempera- 
ture is not markedly elevated in the simple uncomplicated cases. 
Should it be above 103°F., it is due most likely to a concomitant 
infection or severe brain damage, and the outlook is poor. Papil- 
ledema is not commonly found in the early stage, but engorgement 
of the retinal veins may be observed. At the time of the examination 
in the hospital the patient may be conscious, stuporous or in deep 
coma. 

Diagnosis. The diagnosis may not be made readily on admission. 
Dehydration therapy is usually carried out in the time consumed in 
making the diagnosis. One should strongly suspect the presence of an 
uncomplicated acute subdural hematoma with the following find- 
ings: history of slight injury to the forehead or back of head followed 
by a period of unconsciousness lasting from a few minutes to hours; 
stupor, or loss of consciousness, especially of the “in and out” type; 
a lucid interval of several hours or days; negative x-ray films of the 
skull; hemiparesis; dilatation and fixation of one pupil, with lumbar 
puncture revealing cerebrospinal fluid clear, xanthochromic or pink, 
and usually under increased pressure. Other signs and symptoms 
may be of additional value, but those enumerated constitute sufli- 
cient evidence to warrant strong suspicion of the presence of an 
acute subdural hematoma. 

If an electro-encephalographic apparatus is available, and the 
patient’s condition permits, electro-encephalograms may prove of 
great value, not only in determining the presence, but also the 
lateralization of the lesion. This coincides with the opinion of 
Schwab. One might expect that air studies would reveal marked 
distortion and displacement of the ventricles, but on the whole, air 
studies have been of little value. Substitution of air by the lumbar 
route, even in the presence of low or normal manometric pressure, 
might prove disastrous due to jamming of the conus, or herniation 
of a part of the cerebrum through the opening in the tentorium. 
Manometric pressure of the spinal fluid is not always the same as 
that of the intracranial pressure. Ventriculograms will be precluded 
in most instances for the reason that the clot will probably be found 
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when bilateral burr holes are made. Should no clot be located when 
the holes are made, ventriculograms are then indicated and should be 
made at this time. 

Treatment. Except for supportive treatment in addition to 
dehydration previous to operation, the most essential thing Is 
removal of the clot. Operative procedure should be carried out under 
local anesthesia. The head should be placed in position and draped so 
that bilateral exposure is obtained. In every instance, with no 
exception, bilateral burr holes should be made, for the reason that 
the subdural clot is frequently bilateral. Ira Cohen stated that, if the 
clot is unilateral, he would prefer making the burr hole on the wrong 
side first, so that if no clot is found, he will be sure to investigate the 
opposite side. Some prefer the temporal approach, and some the 
postparietal. Multiple burr holes may be necessary in the localization 
and removal of the clot. At any rate, the burr hole issmade through 
an incision not more than 114 inches long, and it is well to make both 
openings before the dura is incised. On the side of the clot the dura 
will appear discolored—blue, or bluish-green. When the dura is 
incised, a “‘liquid clot”’ will evacuate itself without difficulty; in fact, 
the fluid pours out in varying amounts with pulsation. Some surgeons 
advise irrigation of the subdural space with saline to facilitate 
removal of the blood elements. Others advise strongly against it in 
the belief that it increases edema of the brain. A rubber dam drain 
should be inserted into the subdural space through the small incision, 
and brought out through the lower angle of the incision in the scalp, 
and the scalp closed. The drain is partly removed in twenty-four 
hours, and completely removed after forty-eight hours. This simple 
operative procedure suffices with liquid clots. 

Should the clot be solid, consisting of typical coagulated blood, it 
is advised that the opening on the side of the clot be enlarged quickly 
with rongeurs to the size, approximately, of a silver dollar and the 
incision in the dura be lengthened. By so doing, the solid clot can be 
readily and thoroughly removed by suction under direct vision. 
Passing the suction tip in all directions without direct vision may 
result in tearing into another vein, with re-formation of the clot. 
Therefore, this should be avoided. When the clot has been evacuated, 
it may be observed that the cortex will be depressed, although the 
convolutions otherwise may appear normal. The surface of the cortex 
may be stained by the hematogenous elements. The depression in the 
cortex may disappear immediately. When the depressed cortex 
becomes vigorously elevated, marked increase of the intraventricular 
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cavity can be suspected. After complete evacuation of the clot, the 
dura is loosely closed with a rubber dam drain inserted just within 
the subdural space. This is removed during the next twenty-four 
hours. 

Munro rightly states that the postoperative care is very impor- 
tant. In all instances we have performed postoperative lumbar punc- 
tures, sometimes daily, until the patient is ‘‘out of the woods.” 
(Previous to operation a lumbar puncture is done only for diagnostic 
purposes.) Dehydration may be done, but in the majority of in- 
stances will not be found necessary. Reaccumulation of the clot may 
occur, and one must be on the alert for this possibility. It is not a 
common occurrence. 

Prognosis. In the majority of patients operated upon after the 
seventh day, recovery should be expected, and is usually without 
untoward event. The high mortality reported by Kennedy and 
Wortis, and various other writers, is due to the fact that the first 
group of cases, mentioned but not considered in this paper, is 
included. Kennedy and Wortis reported 43.7 per cent in the opera- 
tive mortality in thirty-two cases from the Neurological Service of 
Bellevue Hospital. Thirty-one patients died without operation. 
Other writers report an equal or higher mortality when cases of gross 
skull and brain damage are included. 

Frank Turney recently informed me that the approximate 
Operative mortality rate at Kings County Hospital was as follows: 
During the first twenty-four hours, 88 per cent; from first to third 
day, 70 per cent; from third to seventh day, 42 per cent; from 
seventh to eleventh day, 15 per cent; from eleventh to fourteenth 
day, between 8 and 10 per cent; and from fourteenth to twenty-first 
day, 12 per cent. 

Francis Echlin informed me that during the approximate eighteen 
months in which he has been in charge of the neurosurgery in the 
Bellevue Psychopathic Hospital, they operated upon about eighty 
patients with subdural hematomas with the following results: Very 
few were operated upon during the first twenty-four hours. Most of 
them were operated upon after the third day, especially after the 
seventh day. Practically all those operated upon in the first twenty- 
four hours died; while the majority of those operated upon after the 
fifth day recovered, provided they were not in prolonged, deep coma. 
From these figures and statements it can be concluded that the 
majority of patients operated upon should recover, provided there is 
no associated gross damage of the skull and brain, or deep, prolonged 
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coma. In the Kings County Hospital series, the slight increase in 
death rate between the fourteen and twenty-one days was due to the 
concomitant infections, pulmonary involvement and general debility. 

Chronic Subdural Hematoma. If an acute subdural hematoma is 
not recognized and removed, and the patient survives, it becomes 
chronic. It may be present for weeks or years without being recog- 
nized. The outer and inner membranes may be calcified with a 
liquid central portion. Lillie reported removal of a completely calci- 
fied lesion over twenty years after the injury. 

Some patients may show practically no signs or symptoms, and 
certainly none sufficient to justify operative interference. On the 
other hand, it is believed that a history will be obtained either from 
the patient or members of the family which will cause one to suspect 
the presence of a chronic subdural clot. The symptoms of irritability, 
lack of interest, inability to work or concentrate will, most likely, be 
brought out by proper questioning. His friends will have noticed that 
the patient has changed, that he does not behave normally, and that 
he acts queerly. 

The one outstanding feature in many cases is headache, inter- 
mittent, or continuous, sometimes mild, but In many cases very 
severe and constant, necessitating cessation of work. Nausea and 
vomiting may accompany the headache. It may be unilateral, but is 
often generalized, and is of a persistent, throbbing character. 
Coleman stated that in over half of his series of cases, headache 
began immediately or within two days after injury. Delusional and 
maniacal manifestations may be present, and some patients have 
been confined to institutions for the insane. 

History of trivial injury may be obtained. Patients in stupor, who 
cannot give a coherent history, may recall the injury a few hours or 
days after evacuation of the clot. There may not be any period of 
unconsciousness. Stupor or unconsciousness alternating with con- 
sciousness Is not uncommon, and constitute the “‘in and out”’ state 
so often spoken of by Foster Kennedy. The gradual passing from 
drowziness to stupor, loss of consciousness deepening into coma, may 
be observed, and bodes ill unless the clot is immediately removed. 
This picture is most likely to occur during the first three or four 
months, but may occur in patients with older clots. 

Hemiparesis is present in about 50 per cent of the group, and is 
more often homolateral in the early cases, and contralateral in the 
late or very chronic stage. This occurrence is explained by the fact 
that the lesion in the earlier stage is a fairly rapidly expanding soft 
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lesion which presses the opposite hemisphere against the skull, 
flattening the convolutions, or the brain stem against the opposite 
sharp margin in the incisura in the tentorium, or both. After many 
months or years the brain is not so likely to be affected in this 
manner. [he clot remains more or less as a simple foreign body, like a 
tumor, locally compressing and displacing the underlying motor 
area, thereby producing contralateral motor weakness similar to that 
of a tumor. 

There may be homo- or contralateral dilatation of the pupil, but 
this is not so frequently seen as in the acute cases. Papilledema may 
be very marked or there may be no changes in the disk. Most of the 
cases In this group are referred to the neurologists and neurosurgeons 
as ‘brain tumor suspects,” and the clot may be found when the burr 
holes are made for ventriculography in the localization of the 
suspected tumor. The diagnosis of “allergy of the brain” has been 
made. Frequently, the positive diagnosis is established after the burr 
holes are made. 

Treatment. As in the case of acute subdural hematoma, the 
treatment is surgical, and consists of removal of the clot. Local 
anesthesia is used. In all instances the clot should be removed in its 
entirety if the condition of the patient will permit. In a few cases in 
which the condition of the patient is very poor, it is advised that the 
liquid portion of the clot be removed through a burr hole with no loss 
of time, as suggested by Coleman, wait for improvement, and remove 
the clot in its entirety at a later date. It is not believed that chronic 
organized clots can be successfully removed through a burr hole, nor 
is it believed advisable that only the liquid portion should be re- 
moved, leaving the bulky membrane in position. Bilateral burr holes 
in the upper temporoparietal region should always be made for the 
purpose of making a diagnosis, because a number of these lesions are 
bilateral. The clots may be of equal or unequal size. Burr holes are 
preferred to air studies in the majority of cases. The lesion most 
likely will be found and can be removed at the same time. If the clot 
is of fairly recent formation, so that the outer membrane strips 
easily from the dura, it can be removed more readily and completely 
after enlarging the burr hole, as is done for acute subdural hematoma. 
Coleman prefers this procedure to a bone flap. 

In the very chronic clots which have existed for many months or 
years, the dura may even then appear bluish or greenish-blue when 
viewed through the burr hole, or it may not be discolored. In the 
latter, the dura offers a wood-like resistance when cut, and only after 
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incision of the outer thickened portion of the dura, will the dark color 
of the inner portion be seen, indicating the true nature of the under- 
lying clot. In such cases the outer membrane will have become so 
firmly organized and fixed to the dura that it may be removed with 
difficulty even after a flap has been turned. 

This type of clot cannot be properly removed through a simple 
burr hole, and since the bony opening would have to be enlarged to 
undesirable proportions, I have preferred making a bone flap through 
a straight or slightly curved horizontal incision. The incision ts made 
in the direction of the branches of the supra-orbital nerve, which 
extend far backward toward the occiput, thereby resulting in a 
smaller, postoperative anesthetic area of the scalp. The galea and 
scalp are reflected from the pericranium and outer fascia of the 
temporal muscle exposing an area larger than the palm of the hand. 
The bone flap, turned downward and hinging on the temporal 
muscle, is longer in the horizontal than the vertical direction, being 
in the proportion of about three inches to two inches. The bone flap 
is so fashioned for the reason that the underlying firm clot is longer 
in the anteroposterior than in the vertical direction. After the dural 
flap is made, the outer membrane is incised and the fluid portion of 
the clot is evacuated by suction. A considerable amount of the inner, 
soft grumous and friable portion of the clot is also removed by 
suction. The bulk of the mass is thus decreased, but there is no 
tendency whatsoever to spontaneous separation of the thick, tough, 
adherent outer membrane from the dura. With care and a little time 
the clot can be stripped away from the dura. Sometimes considerable 
force may be required, comparable to that exerted to strip the lining 
from a chicken gizzard. The brain spoon is an effectual instrument for 
this purpose. One should be especially careful in freeing the periph- 
eral margins, otherwise tearing of a cortical vein or the pia- 
arachnoid and cortex may occur. This portion of the clot is often 
quite adherent to the pia-arachnoid. Small pieces of clot should be 
left attached rather than cause damage to the underlying veins and 
cortex by complete removal. Recurrence of the clot will thus be 
prevented. Removal of the inner membrane occasions no difficulty 
due to its very loose attachment. 

After removal of the clot the cortex fails to expand immediately 
in most cases of both acute and chronic subdural hematoma, as 
stated by Coleman, but contrary to the statements of some writers. 
I am unable to explain this phenomenon. A rubber dam drain Is 
inserted beneath the dura, as described, and is brought out through 
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a burr hole at the upper posterior portion of the flap. After loose 
closure of the dura, the bone flap is replaced and fixed with three 
rustless steel wire sutures passed through small drill holes. The scalp 
incision is quickly closed in two layers. The drain is slowly removed 
and shortened over a period of three or four days, during which time 
a considerable amount of fluids may be given with the patient in the 
prone position, to aid in expansion of the brain. 

Although the postoperative course may be uneventful, some 
patients may have a very stormy period, even after a few days of 
well-being. They may require dehydration. If manometric readings 
show increase of pressure from 190 to 250, therapeutic lumbar punc- 
tures are done, daily if necessary. Curiously, the contralateral 
hemiparesis may increase several days after removal of the clot, even 
amounting to hemiparalysis for a variable period. Since the drain is 
removed over a period of several days, reaccumulation of fluid in the 
subdural space is not expected. I am not able to give definite informa- 
tion regarding this possibility for the reason that the flap has never 
been re-elevated. It is believed that the increase in paralysis, per- 
sistent for several days or weeks, may be due to dislocation of the 
motor cortex and the connecting motor fibers, resulting from the 
expansion and elevation of the depressed cortex. The cortex has been 
depressed so long that it may have become more or less adjusted to 
the compression. When this is suddenly relieved, the depression of 
the cortex should disappear sooner or later. It is quite conceivable 
that the change in the relationship of the motor area and motor 
fibers could be as great following expansion as compression of the 
cortex. In other words, dysfunction of the motor area can be caused 
by the marked displacement due either to its expansion or compres- 
sion. Increase in the edema of the cortex probably accompanies the 
expansion and may account to some degree for the increase in the 
paralysis. During this period, convulsions involving the paralyzed 
side are prone to occur. 

Prognosis. A good, and frequently complete recovery can be 
expected in the vast majority of these cases, regardless of the rather 
stormy periods through which some of them pass. If operation is 
performed on a patient who has been in deep coma twelve hours or 
more, the result will probably be fatal. Should coma be of short 
duration, or only deep stupor, recovery can be expected. Deep coma 
caused by chronic subdural clots, induces or produces irretrievable 
changes in the vital centers in a relatively short time compared with 
that associated with tumor, It is believed to be due to a sudden and 
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violent increase in intracranial pressure. One may note a similarity to 
the mechanics and sequelas associated with gross hemorrhage about 
or in a tumor. If the coma develops shortly after admission, opera- 
tion will likely prove effective if carried out immediately. Sachs 
stated that all patients in his series operated upon in deep coma, 
died; all others survived. The other chief causes of death are infec- 
tion, pulmonary complications, and general debility, especially in 
older people. On the whole, satisfactory results may be expected in 
this group of cases. Great satisfaction is experienced in the return of 
these patients to their homes and livelihood, most of whom would 
eventually die as a result of the clot, be relegated to a life of useless- 
ness or become inmates of an insane asylum. 

Subdural Sacculated Collections of Fluid. A collection of fluid in 
the subdural space has been known by various names, e.g., “fluid or 
liquid-hematoma,” “‘hygroma,” “‘hydroma,” etc. It seems that one 
name is as applicable as another, and probably that “hematoma” is 
the least acceptable. ““‘Hematoma” merely means a “blood clot,” 
and by no stretch of the imagination can the lesion under considera- 
tion be a clot. A clot consists of both solid and liquid portions, but 
the solid predominates. I do not consider a subdural collection of 
cerebrospinal fluid, originally mixed with a small amount of blood, a 
hematoma, anymore than intraventricular or sacculated intraspinal 
fluid mixed with a small amount of blood. The fluid may be colorless, 
xanthochromic, pink, or somewhat red. Regardless of the terms used, 
all writers seem to agree as to the nature, symptoms and signs of the 
lesion, and since they are very similar to those of subdural hema- 
toma, this lesion is briefly discussed. It is supposed to result from a 
tear of the pia-arachnoid, with leakage and collection of cerebro- 
spinal fluid in the subdural space. However, one cannot account in 
this manner for similar collections of non-infected fluid associated 
with otogenic conditions and osteomyelitis of the skull. The propor- 
tion of hematogenous elements is small. 

The collection of fluid may be unilateral or bilateral, comparable 
in size and extent to a subdural clot. The treatment is simple and 
consists of removal of the fluid through a burr hole, preferably placed 
over the posterior pole of the collection of fluid to favor more com- 
plete evacuation in the prone position. A small rubber dam drain is 
used and removed after forty-eight hours. 

This condition should always be borne in mind in dealing with old 
head injuries regardless of whether they are compensation cases or 
not. These patients should not be glibly or lightly dismissed, tagged 
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as “post-traumatic neurosis.” This term Is so easy to use. My atten- 
tion was first called to the condition in 1923 before the appearance of 
the paper by Naffziger. An ex-soldier had received a glancing gun- 
shot wound of the anterior portion of his head several months previ- 
ous to my examination. The bullet struck the outer table of the skull 
just within the hair-line, without fracture of the skull. It was not 
known whether the patient fell and struck his head. The wound 
healed leaving a small oval bald spot about an inch long, about 
three-quarters of an inch left of the midline. He complained bitterly 
of headache and tried to jump out of the window to commit suicide. 
He had no other symptom or sign on neurological examination. The 
attending physician called him a “neurotic” and a “nut,” and paid 
no attention to him. Several months after listening to his complaints, 
and without doing anything for him, the physician prevailed upon 
me much against my better judgment at the time, to make a “‘psy- 
chologic”’ burr hole directly over the site of the bald spot. I did so, 
using local anesthesia. When the dura was incised, an unbelievable 
amount of clear, colorless fluid poured out through the dural incision. 
After some of the fluid had escaped, the patient said: ‘Doctor, my 
headache is going,” and he had no idea as to what I was doing. I 
increased the size of the burr hole with rongeurs and lengthened the 
incision in the dura so as to get a peek beneath it. After a great 
amount of fluid had escaped, I was truly amazed at the considerable 
capacity of the empty subdural space. The cortex remained depressed 
and showed very little evidence of becoming elevated. The patient’s 
head was turned to the left side so as to lower the level of the opening, 
and he was placed in Trendelenburg position. The change in position 
of the head was followed by escape of much more fluid. After the 
patient had been returned to the original position, the incredibly 
commodious subdural space was gazed at. Reasons for the existence 
of this collection of fluid were not apparent at the time. Upon conclu- 
sion of the operation, the patient stated that he had no headache for 
the first time in months, and that he felt quite well. He made an 
uneventful recovery, to the surprise and chagrin of the attendants 
and myself. As a matter of curiosity and interest, he was kept on the 
ward for a period of at least eight months, during which time he 
made no complaints. Since this episode I have seen a number of 
similar cases. It behooves the medical profession to consider well the 
likelihood or possibility of this lesion before the diagnosis of “‘ post- 
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Subdural Collections of Fluids in Infants. This condition is 
usually mistaken for hydrocephalus, brain tumor, some kind of birth 
injury or congenital abnormality. The head enlarges slowly and 
gradually, differing from the more rapidly enlarging head in true 
obstructive hydrocephalus. The veins of the scalp are dilated and 
prominent. Although the baby may take its feedings, it may refuse 
them from time to time without apparent cause. It has bouts of 
fretfulness. Accompanying the slow enlargement of the head, 
changes of the fundi will be observed. Hemorrhages are not uncom- 
mon, and choking of the disks in varying degrees will be present. 
Convulsions occur and may or may not be associated with hemi- 
paresis. The lesion is frequently bilateral. 

The diagnosis can be established by puncture of the subdural 
space through the lateral recesses of the fontanel. Repeated punc- 
tures for therapeutic reasons should not be done because they are 
ineffective. 

Treatment. Munro advises removal of the fluid and a portion of 
the membrane and states that “‘it does no harm to leave some of the 
membrane in place.” He and others advocate the subtemporal 
approach. I prefer making a small flap of bone about 2 inches in 
diameter, in the temporoparietal region, turned down through a 
three-inch straight incision similar to that for subtemporal decom- 
pression. Local anesthesia is used. The scalp flaps are readily reflected 
from the pericranium and outer temporal fascia and are held with 
self-retaining retractors which afford adequate exposure and control 
of bleeding from the scalp. Two burr holes are made, one anteriorly 
and the other posteriorly in the upper part of the exposure, about 
114 or 134 inches apart. The skull between the burr holes is cut on a 
bevel with the Gigli saw. It is quite thin and cuts readily. The 
remainder of the flap is cut with an especially small deVilbiss bone 
forceps and the flap is hinged below on the temporal muscle. All of 
this can be done in five or six minutes on account of the thinness of 
the skull. Bleeding is minimal. A similar, but inverted flap, is made 
in the dura. When the dural flap is reflected upward, one sees a 
perfectly transparent corneal-like membrane, with a slight pinkish 
or flesh-colored tint. One can view the depressed surface of the 
cortex through the membrane and its enclosed fluid as clearly as one 
sees the bottom of the ocean through a glass-bottomed boat in the 
Bahamas. It makes a pretty and interesting picture. The membrane 
offers a surprising degree of resistance to the puncturing knife, 
considering the appearance of the cellophane-like structure. When it 
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is incised, the fluid escapes freely and the sac collapse’. The fluid may 
be colorless or faintly yellow. The membrane is grasped with a 
forceps and a general drag is made to determine its points of attach- 
ment to the pia-arachnoid. The lesion occupies a position similar to 
that of a subdural hematoma. Most of the membrane can be re- 
moved. Force should not be used lest a cortical vein or the pia- 
arachnoid be torn. A small piece of the membrane left attached here 
and there does no harm, and laceration of the vein of the cortex 
should be studiously avoided. After removal of the fluid and the 
membrane, the depressed cortex does not become elevated, even 
when a similar lesion is known to exist on the opposite side. In this 
respect the cortex behaves in a similar manner to that described in 
the cases of old, chronic subdural hematoma. Therefore, a small 
Penrose rubber dam drain is fixed between two of the dural sutures 
along the posterior limb with the distal end protruding about }4 inch 
beneath the dura into the “dead space.” The proximal end is brought 
out through a small stab wound in the posterior scalp flap and fixed 
to the scalp with a silk suture to prevent possible displacement. The 
bone flap is returned to its position and fixed with one rustless steel 
wire ligature, passed through small drill holes. Thus, no gross defect 
in the skull remains. This procedure is preferred, since no decompres- 
sion Is indicated or desired. The scalp incision ts readily closed in two 
layers. The drain is removed on the second and third days. 

If the lesion is unilateral, the operation suffices. If bilateral, | 
prefer waiting two and one-half weeks, after which time a similar 
procedure is carried out on the opposite side. It is believed that 
better results will be obtained through employment of a small bone 
flap and the two-stage procedure in bilateral lesions. The bony 
defect is unnecessary and these small infants will not stand “‘too 
much operating.” The results should be and are good in most 


Instances. 


SUBCORTICAL HEMATOMA 


Subcortical hematoma may be traumatic or spontaneous. In 
those resulting from trauma, the blow may be severe and crushing, or 
fairly mild in character. The former, resulting from severe crushing 
blows, do not come within the scope of this paper. Only circum- 
scribed lesions, whose bulk is entirely, or for the most part within 
the brain substance will be considered. The clot may be located in 
any part of the cerebral hemisphere and may destroy vital centers 
immediately, or they may remain comparatively quiescent and 
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unlocalized. They may occur singly or in patients with extradural or 
subdural clot, or both. About three years ago I operated upon a 
female patient who presented all three types of clot, one super- 
imposed upon the other. The operation was carried out on the ninth 
day. The patient was in a stuporous condition accompanied by left 
hemiparesis. A rather long horizontal linear fracture extended 
through the midtemporal region of the right side, turned downward 
and bifurcated in the middle fossa. Therefore, the first burr hole was 
made directly over the fracture line. An ovoid extradural hematoma 
was removed from a low position over the sphenoidal lobe, rather 
deep in the middle fossa. Following its removal it was observed that 
the dura was blue, and when incised a typical, partly solid subdural 
clot was found and removed. It was then noticed that a small area of 
the surface of a subcortical clot presented itself on the surface of the 
temporal lobe. This subcortical clot was removed and proved to be 
solid’and somewhat larger than a golf ball. It is probable that a 
laceration to the temporal lobe, with bleeding from the depth, 
occurred, and that both subcortical and subdural clots originated 
from this source. She made an uneventful recovery and at the present 
time is carrying on in her profession as a nurse. 

For our purpose subcortical hematomas of spontaneous origin can 
be grouped in two classes, the one so well described by Craig, and the 
other seen in apoplexy, resulting from rupture of the lenticular 
artery. The pathology of the two lesions is so well understood that it 
will not be discussed. 

Treatment. When the presence and localization of the clot in the 
first group is strongly suspected, a burr hole should be made in the 
overlying bone and a brain cannula of large caliber with multiple 
openings should be directed toward the position of the clot. When 
entered, a definite lack of resistance will be met. A major and fre- 
quently sufficient amount of the clot can be aspirated by suction, the 
cannula being used as a suction tip. In some instances the nature of 
the lesion may be determined while exploring for a brain tumor. If so, 
it should be evacuated without drainage. 

Dr. Wingebach and I have aspirated a clot in several cases of 
apoplexy or stroke and without doubt saved the lives of patients who 
surely would have died. One appeared to be breathing his last gasp, 
and it was doubtful if he could be placed in an ambulance and taken 
alive to the hospital. When placed on the table he was in deep coma, 
with Cheynes-Stokes respiration. An enormous amount of clot, the 
color of blackberry jelly, was removed by suction and was followed 
by improvement in his condition. His first few weeks in the hospital 
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were rather stormy, and during this time, repeated tapping of the 
area was done. At each successive aspiration, a smaller amount of old 
blood was removed. His recovery was rather prolonged, but his life 
was saved. He now walks with spastic gait, but his mentality is clear. 

From our experience with these cases we advise removal of a 
considerable portion of the clot in a selected group of cases of apo- 
plexy, at first comprising otherwise hopeless patients. It is quite 
possible that the usefulness of this procedure may be extended and a 
considerable portion of the clot may be aspirated in other cases of 
apoplexy. Once the hemorrhage which occurs from.the ruptured 
vessel has become arrested, the ends of the vessel become throm- 
bosed. It is doubtful that recurrent bleeding would follow aspiration 
of a major portion of the clot. The syndrome is produced by sudden 
invasion of the brain substance by the rapidly forming clot, fre- 
quently of enormous proportions. The lessening of the bulk of these 
clots by aspiration might be as imperative as the removal of large 
extradural hematomas. The clot is always in the same position, 
varying only in size. A major portion of it can be aspirated through a 
burr hole made in the mid postparietal region. 

To those surgeons particularly interested in the subject of intra- 
cranial hematomas, Munro’s monograph on craniocerebral injuries, 
Vance’s report of autopsies performed at Bellevue Hospital, and the 
splendid papers by Putnam and Cushing, Coleman, Craig, Dowman, 
Gardner, Grant, Gross, Kaplan, Kennedy and Wortis, McKenzie, 
Naffziger, and many other writers, which have appeared in the 
literature in the last decade, are recommended. 


CONCLUSIONS 


In this paper an attempt is made to present the subject of intra- 
cranial hematomas or blood clots and the allied conditions from a 
practical viewpoint, bearing in mind the general surgeons inter- 
rested in traumatic surgery, who in this time, because of their avail- 
ability and the depletion of neurosurgeons will have to care for many 
of these patients. Very few, if any, original thoughts have been 
presented. No statistical or theoretical studies have been made. 

Hematomas comprise one of the two major groups of intracranial 
lesions which can and should more often be relieved by timely and 
proper surgical intervention. Hemorrhage into the subarachnoid 
space and that associated with aneurysms have not been considered. 

If this attempt may prove of any aid to the author and his 
colleagues in the restoration of these seriously injured patients to life 
and livelihood, it will have been justified. 
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HEN caring for a patient with craniocerebral injury a 

capital question which the physician must decide is 

whether surgical intervention is indicated. The factors 
so frequently creating a dilemma are first that the patient may have 
two or more co-existing intracranial conditions and second that one 
condition may be attended by signs which are supposed to be pro- 
duced by another condition. Some surgeons”* believe that operative 
intervention is indicated in not more than 5 to 10 per cent of patients 
with head injury. Pilcher and Angelucci?? reported that among 373 
patients fifty-three (14.2 per cent) were operated upon. Nineteen of 
the fifty-three patients died, an operative mortality of 35.8 per cent. 
They pointed out that among those who died following operation 
many had such extensive injuries that the operation played little if 
any part in the fatal outcome. It is Mock’s opinion that in a series 
of proved skull fractures if the physician operates upon less than 
6 or 8 per cent he is overlooking operative indications and his mortal- 
ity rate will be too high. If, on the other hand, the physician is 
Operating upon more than 10 or 12 per cent of his consecutive run of 
patients with skull fracture, he is also in danger of increasing his 
mortality rate. In his series of twenty-nine operative patients eight 
died (27.5 per cent). Meredith" reported that among forty-two 
patients with craniocerebral injury who were operated upon ten died 
(23.8 per cent). 

To propose an operation conscientiously upon a patient with head 
injury the surgeon must have in mind some purpose for which his 
operation is designed. The following are the most common surgical 
objectives in these cases: (1) Removal of intracranial hematoma 
(extradural, subdural, intracerebral); (2) removal of perforating 
foreign body; (3) repair of cerebrospinal fluid fistula; (4) exploration 
by trepanation; (5) reduction of increased intracranial pressure by 
decompression; (6) elevation of simple depressed fracture; (7) 
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débridement of compound wound, and (8) operation against com- 
plications (brain abscess, osteomyelitis of the skull). 

The purpose of this paper is to discuss each of these indications 
for operation and to report results in a series of fifty-seven consecu- 
tive operative patients with craniocerebral injury who came under 
my care. Since the paper deals primarily with acute injuries, no 
patient who had been injured more than six weeks prior to operation 
was included in the series. 


REMOVAL OF INTRACRANIAL HEMATOMA 


Removal of an extradural hematoma is usually a neurosurgical 
emergency. The classical signs of a free interval of consciousness, 
dilated pupil on the homolateral side, gradual development of hemi- 
plegia and Jacksonian convulsions on the contralateral side are likely 
to be absent because damage to the underlying brain at the time of 
the accident may cloud the picture. Van Wagenen” and Gurdjian” 
both believe a lucid interval is the exception rather than the rule. It 
is particularly important to discover the presence of an extradural 
hematoma since lumbar puncture and dehydration therapy while 
indicated in cases of edema of the brain are contraindicated in 
extradural hemorrhage, for shrinkage of the brain in the presence of 
an extradural clot allows more space into which bleeding may occur. 
Whenever an extradural hemorrhage is suspected, one or more burr 
holes should be placed in the skull. It should be kept in mind that 
extradural hematoma is not always due to middle meningeal artery 
hemorrhage and therefore is not always found in the temporal region. 
In three of the four cases in this series the hematoma was encoun- 
tered through a burr hole in the temporal region. In the fourth, 
trephining in the temporal region missed the hematoma and it was 
not until a burr hole was placed high in the parietal area approxi- 
mately 5 cm. from the midline that the extradural clot was dis- 
covered. In two of the four cases the bleeding was from the middle 
meningeal artery, in one no single large bleeding point could be 
discovered and in the patient in whom the hematoma was high in the 
parietal area the source of bleeding was a vein running from the skull 
into the superior longitudinal sinus. Osteoplastic flaps were turned in 
three instances and in one the hematoma was removed through an 
opening rongeured in the temporal region. If the patient is in rela- 
tively good condition, I believe the turning of an osteoplastic flap is 
preferable to rougeuring away the bone because it allows more 
thorough evacuation of the clot, more adequate control of the bleed- 
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ing points, and less sacrifice of the cranial vault. In this series none of 
the four patients operated upon for extradural hematoma died. 

The occurrence of subdural hemorrhage is more common than 
formerly thought. Kennedy and Wortis® reported than in their 
series there were seventy-two cases of acute subdural hematoma 
while there were only seventeen cases of extradural hemorrhage. 
They attempted to establish points of differentiation between the 
two types of hemorrhage. It was their opinion that subdural hemor- 
rhage is likely to occur in all age groups while extradural hemorrhage 
is more likely to be found in the middle aged and young. In extra- 
dural hemorrhage the fracture line might overlie the site of the clot 
while in acute subdural hemorrhage the lesion more often is contra- 
lateral to the skull fracture or site of trauma. Extradural hemorrhage 
in their opinion is usually unilateral while acute subdural hemorrhage 
is more likely to be bilateral. In acute extradural hemorrhage, if there 
is paralysis, it is usually contralateral to the site of trauma while in 
acute subdural hemorrhage the side of paralysis is less predictable. 
The lucid interval is likely to be longer in acute subdural hemorrhage 
than in extradural hemorrhage. Kennedy and Wortis" reported that 
in a series of cases of acute subdural hemorrhage there was a mortal- 
ity of 43.7 per cent after operation while the mortality in cases of 
extradural hemorrhage was 54.5 per cent. 

Smith?’ advocated that operation for epidural hemorrhage be 
carried out as soon as the diagnosis is made and the period of shock 
is over, while he believed it is better to delay operation in cases of 
subdural hemorrhage for five to ten days if intracranial pressure can 
be controlled by conservative measures. 

Among the fifty-seven patients in this series there were seven who 
were operated upon within six weeks of injury for subdural hema- 
toma. In my experience many more patients with subdural hema- 
toma come to operation when more than six weeks have elapsed from 
the date of injury than when less than six weeks have elapsed. Among 
the seven patients, bilateral subdural hematomas were found in one. 
Postoperatively, there were two deaths among the seven patients. 
One of the patients who died had a badly lacerated brain as well as an 
acute subdural hematoma; the other was in very poor condition at 
the time of operation. In six of the seven an osteoplastic flap was 
turned while only burr holes with washing out of the hematoma 
was employed in the treatment of one patient whose condition 
was desperately poor. 

Gross intracerebral hemorrhages are not common in patients 
with head injury. Gurdjian” reported that in their series of about 400 
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operations for head injury there were only three instances of massive 
intracerebral hematoma. Courville and Blomquist® reported that 
among 439 fatal cases of head injury examined at necropsy thirty-six 
showed gross hemorrhages (in size not smaller than a cherry) within 
the brain. In my series there was one patient who not only had 
subdural and extradural hemorrhages but subcortical and intra- 
ventricular hemorrhage. Operation in this case was unsuccessful. 


REMOVAL OF PERFORATING FOREIGN BODIES 


Munro” has found perforating wounds of the skull either with or 
without injury to the meninges and brain are very rare in civilian 
practice. Any sharp instrument such as a knife or scissors blade, an 
ice pick or file may produce such a wound. Unless the instrument 
severs one of the large dural sinuses or a large artery so that severe 
hemorrhage occurs or penetrates deeply enough to injure vital struc- 
tures at the base of the brain the outlook for recovery is good. There 
is, of course, always the possibility that infection will develop. The 
One patient in my series was a child who fell downstairs and drove 
the blade of a pair of scissors into her left frontal lobe. The blade 
broke off flush with the skull leaving a very small skin laceration. 
The parents, although they could not find the missing blade, had no 
idea it had penetrated the skull until a roentgenogram revealed its 
presence. Removal of the blade was followed by an uneventful 


convalescence. 


REPAIR OF CEREBROSPINAL FLUID FISTULA 


Meredith" believes that when there is an active cerebrospinal 
fluid leak from the nose, particularly if there is an intracranial 
aerocele, immediate operation is required as soon as the patient’s 
condition will permit, the communication between the paranasal 
sinuses and the subarachnoid space being repaired with a fascial 
strip. Gurdjian!! stated that when there is cerebrospinal fluid drain- 
ing from the nose the possibility of intracranial infection is great; but 
that if the skull roentgenograms do not show fracture lines, particu- 
larly fragmentation at the base of the skull, conservative treatment 
can be undertaken. If conservative treatment is decided upon, 
the patient should be placed in semi-Fowler’s position for four to 
six weeks; he should be as quiet as possible and never blow his nose. 
An antiseptic vasoconstrictor drug should be instilled in the nose 
three times daily. It was Gurdjian’s!! opinion that usually the 
drainage stopped within forty-eight hours. If the drainage persists 
for six to eight days or recurs after apparent cure, operative treat- 
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ment is indicated. I have had occasion to repair chronic but no 
acute cerebrospinal fluid fistulas. In my experience with six acute 
cases of cerebrospinal fluid rhinorrhea the drainage always stopped 
within a few hours after injury and under chemo-therapy infection 
from this source has not occurred. 


EXPLORATION BY TREPANATION 


There are patients who have sustained craniocerebral injury in 
whom the surgeon suspects that an intracranial hematoma may be 
present even though the classical signs which are supposed to be 
produced by these lesions are not present. If the patient has been 
given adequate conservative treatment and fails to show signs of 
improvement a burr hole exploration of the brain is indicated. In 
many of the patients the surgeon will find only cerebral contusion, 
laceration, edema and excessive subdural or subarachnoid fluid. 
However, an intracranial hematoma will be discovered sufficiently 
often to justify the frequent performance of this procedure. Some 
surgeons!! advocate one trephine opening on each side of the head if 
subdural hemorrhage is suspected; if the hematoma is not found, 
encephalography rather than more openings in the skull is indicated. 
Burr holes can be so easily and quickly made in the skull I generally 
place three or four on each side. The patient’s head is supported in 
the cerebellar region so that sterile draping of both sides of the head 
can be obtained. If a hematoma is found on one side, that side is 
turned up and the remainder of the operation carried out. 

In the series being reported twenty-nine patients had burr hole 
exploration. Included among these twenty-nine patients are those 
also classified under ‘‘Removal of intracranial hematoma” and 
‘Reduction of increased intracranial pressure by decompression” 
because operations on patients in both these latter groups were 
started as burr hole explorations and then converted into some other 
kind of operation the type depending upon what the burr hole 
exploration revealed. In twelve of the twenty-nine patients intra- 
cranial hematoma was found and the operation then directed toward 
its removal. In six patients burr hole exploration was followed by an 
operation intended to relieve increased intracranial pressure and in 
the remaining eleven patients the operation terminated with burr 
hole exploration only. Among these eleven patients two were found 
to have a large amount of subdural fluid. Seven had excessive 
subarachnoid fluid and in two there was no increase in either the 
subarachnoid or subdural fluid. Of the eleven patients who had burr 
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hole exploration of the brain which was not followed by any other 
type of operation four died and seven recovered. The mortality rate 
in this group is high because I have made it a rule never to let 
a patient expire without trephining the skull unless he has a head 
injury of such severity that his case is obviously hopeless. The occa- 
sional discovery of an intracranial hematoma in a patient who is 
practically moribund and who subsequently recovers after operation 
has made this effort worth while. Two of the patients who had a 
marked increase of subarachnoid fluid showed very rapid improve- 
ment following its release. It is my opinion that the release of sub- 
arachnoid as well as subdural fluid in some of these cases justifies the 
Operation even though no intracranial hematoma is found. It has 
been noted that in some of these cases there was marked edema of 
the scalp following trephining, indicating that an excessive amount of 
fluid was draining through the burr holes. 


REDUCTION OF INCREASED INTRACRANIAL PRESSURE 
BY DECOMPRESSION 


The majority of surgeons handling patients with head injury now 
believe that operations devised primarily for decompression of the 


brain are not advisable. While the decompression will increase the 
size of the intracranial cavity, frequently the swollen brain herniates 
through the opening causing tears in the brain and hemorrhages. In 
six of the twenty-nine patients who had burr hole exploration this 
procedure was followed by an attempt to reduce the intracranial 
pressure through decompressive measures. In all these cases it had 
become obvious that conservative methods were destined to failure; 
and even though it was known that “the dice of the gods were 
loaded,” decompression was performed. Two of the patients had 
unilateral subtemporal decompression, accomplished by enlarging a 
burr hole with the rongeur; three had bilateral subtemporal decom- 
pression done in the same manner. One had a large temporoparietal 
block of bone removed by means of the burr and Gigli saw. Opera- 
tion in none of these six cases saved the patient’s life. This bears out 
the opinion that decompressive operations of this sort are of little 
or no value. 

Briesen and Jones? suggested that increased intracranial pressure 
following head injury can be relieved by placing a drain in the 
cisterna magna and they reported one successful case. Ody” reported 
a similar operation. It has been noted on numerous occasions that a 
patient who drains cerebrospinal fluid from his ear or nose, if he does 
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not develop infection, recovers more rapidly than the one who does 
not have a loss of cerebrospinal fluid. This might indicate that the 
suggested operations of Briesen and Jones? and Ody” are of value. 


ELEVATION OF SIMPLE DEPRESSED SKULL FRACTURES 


Patients with simple depressed skull fractures should be operated 
upon for cosmetic purposes and to relieve pressure upon the brain. In 
most instances the elevation of the depressed fragments is not a 
surgical emergency although it should be carried out before the frag- 
ments become too firmly fixed in malposition. Walker?’ stated that 
the indications for early operation are continued convulsions which 
could not be relieved by dehydration and decline in the patient’s 
condition in the absence of some other cause. Glaser and Shafer® 
concluded that early elevation of the depression did not prevent late 
sequelas. It seems that epilepsy is more likely to be due to the 
formation of a cerebral cicatrix than the irritating effects of a 
depressed bone fragment. Among six patients in this series operated 
upon for the elevation of simple depressed fracture there were no 


deaths. 


DEBRIDEMENT OF COMPOUND WOUNDS 


A high proportion of patients suffering head trauma will sustain 
compound wounds. This is particularly true among war casualties. 
Although the maxim “treat shock first” is continually ringing in 
one’s ears, only a small percentage of patients with craniocerebral 
injuries are in shock on arrival at the hospital. Meredith" stated that 
less than 10 per cent of any large series of patients with head injury 
of all types are in shock. 

Certainly as soon as the patient’s condition will permit, a 
débridement of the wound should be performed provided adequate 
facilities are at hand. Grant’ has pointed out that two lessons seem to 
stand out from the first World War: (1) Patients with cranial trauma 
can be transported with greater safety before operation than imme- 
diately afterward; (2) when the patients with craniocerebral injury 
are operated upon by specially trained men in properly equipped 
centers they do better than when they are assigned to the general 
surgeon. Jentzer!* remarked upon the importance of having com- 
plete neurosurgical equipment and thought that the necessary quiet 
for a neurosurgical operation could not be found closer than twenty- 
five kilometers behind the battle line. He thought that the patients 
following operation should not be transported for at least fourteen 
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days. Ténnis,*4 in speaking of the treatment of patients with brain 
injury sustained during the campaign against Poland, stated that 
Operations attempted in unsuitable conditions made the patients 
worse. Those who had the good fortune to be transported to a base 
hospital were the only ones who did well, and those who were trans- 
ported by air did the best. Cairns‘ agreed that if the patient’s condi- 
tion was unfavorable or adequate operating facilities were not at 
hand it is better to delay operation. He stated that brain tissue 
resists and localizes infection as well if not better than other tissues. 

Horrax!? suggested that three prophylactic measures should be 
instituted in the treatment of patients with war wounds of the brain: 
(1) Soldiers should go into action with closely cropped hair; (2) 
tetanus toxoid should be given to all soldiers and civilians likely to be 
involved in enemy actions; (3) the sulfonamides should be given by 
mouth as soon as possible after any kind of compound injury has 
been received. 

When a patient with a compound skull fracture is first seen, the 
hair about the wound should be clipped or shaved, one of the sulfon- 
amide drugs sprinkled in the wound and bleeding from the wound 
controlled by packing with gauze. These procedures are particularly 
important if for any reason some hours are likely to elapse before a 
careful débridement can be done. 

The best anesthetic for the débridement is novocain although if 
the patient is exceptionally violent avertin or pentathol sodium may 
be necessary. The patient can be spared some pain if the surgeon will 
shave and clean the scalp at a considerable distance from the wound. 
Novocain can then be infiltrated into the scalp around the wound at 
some distance from the edges. Following this, cleansing of the wound 
edges with tincture of green soap, ether, alcohol, and tincture of 
merthiolate will be painless. When the region is prepared, one should 
drape a large area because it may be necessary to extend the skin 
incision for some distance to expose adequately the defect in the 
bone. Ragged skin edges are excised and the knife discarded. Hair 
and débris are removed from the wound and copious quantities of 
warm saline solution employed for washing the wound. The extension 
of the skin incision, in order to secure adequate exposure, may be 
done in several ways. If there is loss of scalp, the tripod incision or 
the three-legged (Isle of Mann) incision may be employed to facili- 
tate co-aptation of the wound edges. Where the scalp wound is 
small, a horseshoe-shaped skin flap with the wound of entry in the 
middle may be turned as suggested by Winslow.” 
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In order to elevate the depressed bone fragment it may be neces- 
sary to place a burr hole adjacent to the edge of fracture and cut 
along the fracture line with the deVilbiss. The depressed bone is 
lifted out in as large pieces as possible; these are taken by the surgical 
nurse and thoroughly cleansed with saline solution. When the 
depressed bone fragment is lifted out there may be sharp bleeding if 
one of the venous sinuses has been torn by the bone edge. This bleed- 
ing can be controlled with a muscle stamp. The removal of all cracks 
in the bone in which infection may track has been suggested.” It 
seems to me that this would be impractical unless there is gross 
débris in the fracture line since in many patients linear fractures 
radiate out for several inches from the area of depression. While 
most surgeons nibble away the bone edges to remove the depressed 
fragment and gain adequate exposure Burckhardt,* Garcin and 
Guillaume,’ and Vincent and Lafon” turned osteoplastic flaps to 
expose the penetrating wounds. Ducuing® found. that in most cases 
fractures in the skull were so extensive that the flap broke to pieces 
when this method was employed. 

If the dura is intact and there is no evidence of hemorrhage under- 
neath, as indicated by a tight dura or discoloration, it should not be 
opened. When the dura is lacerated and the brain substance 
damaged, the necrotic brain tissue is removed with the suction 
apparatus, care being taken not to encroach any more than necessary 
upon nerve pathways which are still intact. Also one should be careful 
not to open into a ventricle or basal cistern since this increases the 
danger of infection. Bullet and bone fragments are removed under 
direct vision if they are accessible. A rubber catheter is excellent for 
exploring the track in the brain. By means of the sucker the track is 
converted into a smooth-walled cavity. If the bullet has traversed the 
brain to an inaccessible position, an attempt should not be made to 
remove it. Ascroft! analyzed 317 cases of gunshot wounds of the head 
(patients with wounds of the cerebellum were excluded from this 
series) sustained during the 1914 to 1918 war. He found that 34 per 
cent developed epilepsy but that there was no evidence that removal 
of metallic foreign bodies from the brain diminished the liability of 
this complication. He thought prolonged wound sepsis favored the 
subsequent development of epilepsy both in those cases in which the 
dura had been penetrated and in those in which the dura had 
remained intact. 

The dura should be closed if possible. When there is a communi- 
cation between the subarachnoid space and one of the paranasal 


a 
| 
| 
| 
| 
| 
| 
| 


RAAF—CRANIOCEREBRAL INJURY 281 


sinuses, it is Imperative that a tight closure be affected, taking if 
necessary fascia lata, fascia from the temporal muscle or periosteum 
from under a scalp flap to affect the plastic closure. If the compound 
fracture is over the vault and the dura cannot be adequately closed, 
a small opening in the dura is not of much importance if a good skin 
closure can be affected. In these cases the opening in the dura can be 
covered by a nonadhesive membrane manufactured for such a 
purpose. 

In civilian practice the pieces of the skull which have been thor- 
oughly washed with saline solution can be replaced and a firm closure 
obtained. It may be necessary to hold the fragments together with 
sutures passed through drill holes in the pieces of bone. The skin is 
closed with interrupted No. oo plain catgut to the galea and inter- 
rupted fine silkworm sutures to the skin. If the laceration is in the 
forehead, a fine Kal-dermic (6-0) or horsehair suture is used in the 
skin. No drains are left in place unless there is evidence of infection 
at the time the débridement is performed. 

The local use of the sulfonamides in the wound has come in for 
much discussion in the last few years. Mitchell, Logie and Handley" 
in commenting on experiences in the British campaign in Libya 
stated that the use of these drugs cannot take the place of careful 
treatment of war wounds. It is still a debatable question which of the 
drugs is most effective locally in the brain and which is least likely to 
produce an untoward effect. Experimental work”! which may help to 
solve this problem is now in progress. Hurteau’® found that after local 
application to cerebral wounds the several drugs of the sulfonamide 
group show a difference in the rate of absorption. According to him 
sulfanilamide is the most rapidly absorbed, sulfathiazole the second, 
sulfadiazine third, and sulfapyridine the least rapidly. He suggested 
the mixture of several of the drugs, for example sulfanilamide and 
sulfadiazine. A high concentration of sulfanilamide would occur 
immediately while a high concentration of sulfadiazine would persist 
for a time to cope with latent infection. 

In my series of nineteen patients who sustained compound skull 
fracture thirteen had laceration of the dura and in seven of the 
nineteen there was loss of brain substance. The time which elapsed 
from injury to operation ranged from three to thirty-four hours, the 
average elapsed time being ten and one-half hours. While one likes to 
operate upon these patients within six hours of the time of injury, 
many patients in this series were sent in from some distance so the 
average time from injury to operation was well beyond six hours. 
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Thorough débridement was carried out in each case and in fourteen 
patients the pieces of bone were replaced so no defect would remain in 
the skull after healing. In fifteen the skin edges were closed tightly 
while in three a small Penrose drain and in one a small wick of gauze 
was placed underneath the skin. One patient with an extensive 
laceration of the brain died seventy-two hours after surgery and the 
other eighteen recovered. All wounds in the eighteen patients who 
recovered healed without infection and there was no evidence of 
infection in the wound of the patient who died. In two instances 
there was a slight amount of cerebrospinal fluid drainage for a few 
days. Sulfanilamide or sulfathiazole was sprinkled in the wounds of 
seven patients but it is difficult to ascertain the efficacy of the sulfon- 
amide drugs applied locally in these cases since infection did not 
occur in any of the patients. 


OPERATIONS DIRECTED AGAINST COMPLICATIONS 


A complication such as brain abscess, osteomyelitis of the skull, 
or meningitis may follow craniocerebral injury. Usually the osteo- 
myelitis is not the rapidly progressive fulminating type which fre- 
quently occurs secondary to infection in the paranasal sinuses. It 
cannot be overemphasized that the best treatment for osteomyelitis 
of the skull and brain abscess is preventive. No craniocerebral 
injury or even simple scalp laceration should be neglected. All should 
be thoroughly cleansed, repaired and bandaged. 

In this series one patient who sustained a fracture through the 
base of the skull with the subsequent development of osteomyelitis 
of the cribriform plate and abscess underneath the frontal lobes was 
operated upon but did not survive. Another patient had a scalp 
laceration sutured by his local doctor who did not realize a compound 
skull fracture was present. Subsequently a subdural abscess formed. 
Following removal of the bone fragments, drainage of the abscess and 
vigorous chemotherapy he finally recovered. 


CONCLUSIONS 


1. Twelve patients with intracranial hematoma were operated 
upon and nine of the twelve recovered (mortality 25 per cent). 

2. Patients who do not improve after adequate conservative 
treatment should have burr hole exploration of the brain for there is 
no other way to exclude conclusively the possibility of an intra- 
cranial hematoma. 
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3. Removal of portions of the skull for the primary purpose of 
reducing intracranial pressure did not prove effective. 

4. Careful débridement of compound craniocerebral wounds will 
be attended by a high percentage of recoveries. In this series eighteen 
out of nineteen patients with compound wounds recovered (mortality 
5.3 per cent). 

5. The mortality rate for fifty-seven patients with craniocerebral 


injury operated upon within six weeks of injury was 26.3 per cent. 
TABLE I 
OPERATIONS UPON FIFTY-SEVEN PATIENTS WITH ACUTE CRANIOCEREBRAL INJURY 


| 
Purpose of Operation | No. of Patients | Deaths 


Removal of intracranial hematoma......... 


Removal of perforating foreign body........ I Oo 
Exploration (burr holes)................... 11 4 
Reduction of increased intracranial pressure | 
Elevation of simple depressed fracture...... 6 Oo 
Débridement of compound wound.......... 19 i 4 
Against complications 
57 | 15 (26.3 per cent) 


* All of the patients in this series were operated upon within six weeks of the time 
of injury. 
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DISCUSSIONS OF PAPERS OF DR. KING AND DR. RAAF 


DonaLtp Munro (Boston, Mass.): I have been privileged to receive 
copies of Dr. King’s and Dr. Raaf’s papers, and I am sorry that time did not 
permit the authors to read them in detail, because you would have been well 
repaid by having heard them read in that way. I recommend that all of you 
read them in detail when they are published. 
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The contents of these papers do not allow for any discussion. Everything 
that is said is without doubt true, and I am in complete agreement with the 
subject matter in both papers, except for certain minor details. 

Because of the impossibility of discussing an undiscussable paper, it 
seemed to me that I might avail myself of this opportunity to present to you 
certain unpublished data in regard to some of the high spots of these prob- 
lems of intracranial hematomas and compound fractures of the skull. 

I should like to speak first about extradural hematomas. I do not look 
upon extradural hematomas with the same equanimity as Dr. King and 
Dr. Raaf do. In my hands, I am of the opinion that extradural hematomas 
presented one of the most difficult problems of diagnosis that the traumatic 
neurosurgeon has to face. The classical syndrome by which the diagnosis is 
said to be possible has, in my hands, been so rare as to be cause for calling 
the house officers and other members of the staff around, so they could see 
an example of this curious, interesting phenomenon. 

In a group of thirty-seven extradural hematomas, in ten cases the clot 
resulted from venous hemorrhage. I should like to emphasize that, because 
I think that is not very well recognized, and I think that it is important 
because it is in these cases, in particular, that the patients live a relatively 
long time between the infliction of the wound and their death. 

In regard to the diagnosis, in my group of cases only 40 per cent showed 
a lucid interval. That is considerably less than one would be led to expect 
from reading the ordinary surgical textbooks; and I commend to you the 
fact that you will probably see few extradural hematomas that show the 
pathognomonic triad with the lucid interval between two periods of 
unconsciousness, and you will see patients with extradural hematomas who 
remain constantly unconscious from the time they received the blow until 
you operate upon them. 

In support of that, 50 per cent of my patients were unconscious on 
admission, and 92 per cent had bloody cerebrospinal fluid, which led us to 
conclude that all of those patients had at least a contusion of the brain with 
the associated uncounsciousness that goes with contusion of the brain. 

In regard to subdural hematomas, these are a very common complica- 
tion of craniocerebral injuries. They are, in the acute cases, in my experi- 
ence, diagnosable only by exploratory trephination, and in connection with 
that, I think that it is quite possible that as we get more experience and as 
you general surgeons begin to take up part of this load, you will find, and we 
will find, that multiple exploratory burr holes will be more and more com- 
mon. By multiple exploratory burr holes I mean not two burr holes, one on 
either side, but I mean many burr holes done in all areas of the skull until 
the hematoma is actually demonstrated or until an adequate spotty explora- 
tion of the contents of the skull has been carried out. 

In connection with that, it has recently been recommended that this 
exploration be carried out with the patient in the cerebellar position so that 
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burr holes can be placed over the posterior fossa as well as over the two 
lateral fossae, and in that way the cerebellar subdural or extradural hema- 
toma be identified. 

In my experience, I have had 310 patients with subdural hematomas. 
Practically all of them have been operated upon, and in all of them the 
subdural hematoma has been the major complicating factor. One hundred 
ninety-four of these 310 cases were associated with major brain injuries, and 
I believe that this type of subdural hematoma, the subdural hematoma that 
is caused by the associated brain injury, is far and away the most important 
variety of subdural hematoma and is the one that yields most readily to the 
immediate operation done within a short time after the entrance of the 
patient into the hospital. In this group my mortality has been 40 per cent. 
These mixed hematomas, if they are not operated upon, go on to an end 
result of a cystic collection of fluid which is free from the subdural space. 
That has been described formerly as a hydroma. I prefer to consider it a 
hematoma, because they all start out as a mixture of blood and cerebro- 
spinal fluid, and because a hydroma requires by definition that the fluid be 
contained within a sac. Hydroma as a name could be more properly applied 
to the end result of the solid subdural hematomas. 

There were seventy-one of these. Of the solid clots, there were only 
forty-five. These are the clots that were described by Cushing and Putnam. 

Just a word about compound fractures. The greatest problem, probably, 
in compound fractures today is when to operate upon the compound frac- 
ture and what kind of first dressing to apply. The latter is particularly true 
because of the present use of the sulfonamide products. In an endeavor to 
find out when to operate upon compound fracture wounds, I have recently 
gotten together statistics from fifty-six cultures made on fifty-six compound 
fracture wounds. It was interesting to note that contamination, although 
doubtless present in every wound, was culturable in only 55 per cent during 
the first twenty-four hours, and in only 66 per cent during the first forty- 
eight hours, whereas after forty-eight hours, 91 per cent of these wounds 
showed easily culturable bacterial contamination. It seems to me in view of 
this, and in view of my experience, there is never any hurry about operating 
upon compound fractures of the skull, provided you do the operation within 
the first forty-eight hours of the receipt of the wound, and provided, and 
this is equally important, you do not manipulate the wound at the time of 
the first dressing. 

In connection with that, I would like to say that the results published by 
Cloward, in Pearl Harbor, it seems to me, are dangerous, because he sug- 
gests that at the dressing station the patients with compound fracture 
wounds not only had their hair clipped but that the scalp was shaved and 
the wound was scrubbed at that time. This I consider to be a very dangerous 
procedure because I am sure under that amount of manipulation there will 
be a wider spread of contamination into the wound than would otherwise 
exist if the wound were left alone until the major débridement is dene. 
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In regard to the use of sulfonamide products in these wounds, there is no 
question but that is a very valuable adjunct to our surgical procedure in 
dealing with compound fractures. However, do not use sulfathiazole on the 
surface of the brain. Recently a series of cases have been reported—and 
there are some others that have not been reported—in which the use of 
sulfathiazole on the surface of the brain, both experimentally and in the 
human being, has produced epileptiform seizures which were traceable 
directly to the use of that particular drug. If you want to use the 
sulfonamides in the wounds themselves, use sulfanilamide or sulfadiazine 
powder. 

Of course, the sulfonamides should be given by mouth from the first 
time that you see the patient. 

In closing, I would like to congratulate this society and congratulate the 
two readers on having brought this important general surgical problem to 
the notice of general surgeons, and taken it away from the narrow specialty, 
where it has been resting for the most part, to the present. These problems 
of craniocerebral surgery are general surgical problems. More and more of 
the general surgeons are going to have to face them and deal with them, and 
it is well that that should be brought to the attention of a general surgical 
society such as this. 

WILLIAM JASON MIxTER (Boston, Mass.): Dr. Munro said he was not 
going to discuss these papers. I think he did a pretty good job of it, and I 
do not think he left me much to discuss. 

They are good papers, and they are papers of great interest to a group 
of men who are handling the surgery of trauma, not only for the reasons 
that Dr. Munro has given, but also due to the fact that even if you do not 
want to handle these cases yourself, sometimes you are forced to, just the 
same as Dr. Munro or Dr. King or I do when we go to some little hospital 
out in the sticks around Massachusetts to see a patient with a severe head 
injury, and there we find a tibia scratching around in the sheets and nobody 
has done anything to take care of it before we got there. That happened to 
me within the last two years, and the compound fracture of the tibia was a 
more important feature than the head injury. 

The war brings up the same problem. Even if we wanted to put a neuro- 
surgeon in every front-line hospital, it could not be done. There are not 
enough of them. The result is that the general surgeons must pick up a 
considerable group of these cases and handle them, and handle them intelli- 
gently. For that reason, I commend these papers to you, as Dr. Munro 
already has. 

Joun S. Hopcson (Boston, Mass.): I have found Dr. King’s and Dr. 
Raaf’s papers of great practical interest. Traumatic hematomas, whether 
they are extradural or subdural, or the rare subcortical ones, plus compound 
and depressed skull fractures and complicating spinal fluid leakage from 
cranial wounds and orifices, intracranial aerocele and infection of the scalp, 
bone, meningeal spaces and brain itself, represent the conditions calling for 
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cranial or intracranial surgery. It seems to me that the general surgeon can 
be of definite help in traumatic neurosurgery in these times. 

The papers have been so well given and completely discussed that it is 
difficult to know just how much to say. I am going to limit my remarks 
except to say that the traumatic extradural hemorrhages. are rather rare, 
comprising a very small percentage of the cases of head injury, but they are 
so serious that their rarity makes them all the more important. Whether or 
not one uses a burr hole and enlarges it, or uses a bone flap, is somewhat 
unimportant, probably. I think that most of us probably simply remove 
enough bone to get at the bleeding point, which is usually under the 
temporal muscle, but if there is some question as to the location of it, it may 
be better to make a bone flap. 

While he did not speak of it, Dr. King wrote in his paper about some- 
times needing to tie off the external carotid artery in cases in which the 
extradural hemorrhage was not easy to locate, or in cases in which it was 
extreme in degree and the patient’s condition might be such that time was 
very valuable. I think in such a case it might be all right to tie off the 
external carotid artery, but that must be a rather rare necessity, of course. 

I think anyone doing the surzery of extradural hemorrhage must be 
prepared to follow through to the point where the hemorrhage is coming 
from, even if that involves going to the base of the brain, as far as the 
foramen spinosum, and plugging that foramen with cotton. I think it Is 
better to do that than to do the ligation of the external carotid, although 
the latter may be necessary in rare instances. 

In regard to the subdural hematomas, those, of course, are much more 
common and so much has been said abo: - those that I am not going to 
attempt to add anything at this time. 

The subcortical hematomas are extremely rare, and yet they do occur, 
and when one has decided to operate and does operate, and does not find 
what he thinks he is going to find, namely, a subdural hematoma, he should 
be prepared to look at least locally for a possible subcortical hematoma. 
That was brought home forcibly to me again recently when I operated upon 
an elderly person whom I suspected of having a subdural hematoma, which 
he did not have. He had no localized signs at all but the cortex appeared a 
little abnormal in that region, and on tapping it, I found a rather deep and 
large subcortical hematoma. Therefore, one should be eager enough to 
follow through, to look for a possible subcortical hematoma. It will be rare, 
but it occurs just often enough to necessitate one’s always keeping it in 
mind and looking for it every now and then. Of course, it may occur along 
with extradural or subdural hematoma as well. 

Regarding the repair of dural rents in cases in which there may be spinal 
fluid leakage from a head orifice, I should say that that is a pretty major 
operation, and it would seem as though the general surgeon would do well 
not to take on a case of that kind, deliberately, at least, because it does 
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involve pretty complete experience with neurosurgery. It means making a 
large scalp incision, turning back a bone flap, looking deep in the cranial 
fossa, finding the rent in the dura and then sewing it up. It is not easy to 
sew up rents in the deep dura. You are told that all you need to do is sew 
the edges together, but they are so thin and friable that they cannot be 
sewn together easily, so that you either have to use a piece of fascia, which 
often does not work well, or a piece of muscle. I have found that a piece of 
muscle is rather good to put in between the edges of the dura that will not 
come quite together. If one will stitch the edges together with a piece of 
muscle in between, he will get a good closure which he otherwise could not 
get at all. 

Also, it is a good plan sometimes to take a piece of muscle and cover over 
places like the cribriform or some other place where there is a fracture in the 
base of the skull. That will do what nothing else can do. 

I] had an interesting case recently which I think it will be worth while 
mentioning. It was a child of eleven who came into the Massachusetts 
General Hospital with the history of having had a head injury at the age of 
four, seven years previously. There had been bleeding from the ear which 
had stopped, and the child had apparently been all right, as far as we could 
find out from the family, during the succeeding seven years. Just before 
coming in, she developed a spontaneous leakage of spinal fluid from the ear 
on the side that had leaked seven years before. She had come into the ear 
and nose clinic and was transferred to the neurosurgical service. X-ray 
showed a fracture in a portion of the temporal bone. We operated, took out 
a large piece of bone in the temporai region, made drill holes and lifted out 
the dura and found the rent in the dura. We could see the fracture line in 
the bone still. The dura had funneled into the fracture line in the base of the 
skull. The dura was pushed back, the fracture line in the skull was sealed 
off with bone wax, and the dura edges were brought together with a little 
difficulty because they were thin and friable and I had to put a piece of 
muscle in between and close it in that fashion. Healing was complete and 
she got along very well. 

That to me was a rather unusual case. I have never personally happened 
to have to repair a cerebrospinal fluid orrhorrhea before. They all leak, if 
they leak at all, for a few days and then stop. The repair was done in the 
same fashion that you would repair a cerebrospinal rhinorrhea. 

One other case that interested me a good deal in regard to a repair was 
that of an elderly man who had had a severe head injury. He had been 
kicked by a horse. It had made a straight up and down scalp wound. He had 
been seen by a local physician who took charge of him and did the original 
surgery. At the time of the injury, this horse that kicked him kicked out a 
large piece of skull in the left temporoparietal region. At the time the man 
was picked up, the piece of bone was seen in the street and picked up along 
with the man and taken to the hospital. The scalp wound was sutured; 
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the dura was not lacerated much and he had not suffered much intracranial 
damage. The doctor simply sewed up the scalp wound and kept the piece of 
bone in saline. 

When I saw the man a few weeks after, the wound was not quite healed, 
and we waited three weeks more. He was transferred to the Massachusetts 
General Hospital and the piece of bone came along with him. That was 
sterilized, the wound was reopened and the piece of bone put in. That opera- 
tion was finally done about eight weeks after injury. It did not completely 
fill in the space because a little had been broken out in small pieces in the 
low temporal region, but that was put back in and sutured in with small 
drill holes and suture material, and the wound healed well and has remained 
healed since that time, a matter now of several months. 

Josepu E. J. Kine (closing): I necessarily had to read my paper in such 
a sketchy manner that | did not cover all the points, and I believe if Dr. 
Raaf will wait until he reads my paper, he will find he agrees with me, and 
I certainly agree with him except about the bone flap. You must remember 
that these people are sick and you cannot fool around and turn up nice bone 
flaps. What you want to do is to get the blood clot out and get the patient 
back in bed, and I can do it through one or two holes much quicker than by 
making a bone flap. If you make a bone flap you have to make a lot of 
holes, too. 

Most blood clots come from the middle meningeal injuries. 

It is true that ligation of the external carotid will very seldom be used, 
but you should not send a patient back to bed when you cannot see where 
the blood is coming from. You know how it comes out like a waterfall some- 
times. Pack it and make sure the packing is secure, but rather than risk it, 
I would ligate the carotid. I had to do that for a patient with unilateral nose 
bleed. He would have died otherwise. He had had five transfusions and we 
could not stop the hemorrhages, and I finally had to ligate. 

Dr. Munro said something about Dr. Raaf and myself viewing these 
cases with equanimity. No, we do not do that. I know they are serious cases 
and I| look at them very seriously. 

In the case of venous hemorrhage, of course, especially in the posterior 
fossa, I agree with Dr. Munro that you must have exploratory trephination 
all over, not as many openings as in a chair back, but several openings are 
much better than to send a fellow back and not find it. I even put in the 
paper what a humiliating feeling it is to operate upon some patient for a 
clot which you do not find, and when he comes to autopsy examination 
there is a big one you missed. 

Joun E. RaarF (closing): On this matter of the bone flap, I will agree 
with Dr. King that if you stand by and watch the patient with an extradural 
hematoma until he is in a serious condition, the best method of treatment 
is to put in a burr hole, enlarge the burr hole and suck out the clot. How- 
ever, if the patient is in good condition, | would rather turn a bone flap, 
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because even though a single bleeding point may start the hemorrhage, as 
the hematoma develops and strips the dura away from the bone, numer- 
ous bleeding points will start. There are blood vessels running between 
the dura and the bone which will start to bleed as the clot develops, and 
you can more adequately control these if you have a large flap. 

I will agree with Dr. King that I did not mean to create in Dr. Munro’s 
mind the impression that I thought the diagnosis in extradural hemorrhage 
is easy. It is difficult, and I think that is the reason many of us are coming 
to the point where we put multiple burr holes in the skull. It has been 
advocated lately by at least one surgeon that one burr hole should be 
placed on each side and if the hemorrhage is not found, one should resort 
to other studies, such as encephalography. I disagree. I think multiple 
burr holes are indicated, and sometimes | operate upon patients in a sitting 
position so that numerous burr holes can be placed in the skull, including 


the occipital area. 


TRAUMATIC RUPTURE OF THE SPLEEN* 
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RAUMATIC rupture of the normal spleen is not the clinical 

rarity it was formerly thought to be. Its increased incidence is 

both real and apparent. On the one hand, this is due to better 
diagnosis; on the other it is accounted for by the year-to-year 
increase in automobile and industrial accidents. It is also important 
to note that in reports thus far available from England ruptured 
spleen is high on the list of abdominal injuries incident to blast. 

The exact incidence of traumatic rupture of the spleen is difficult 
to determine. That it is higher than is commonly recognized is one 
of our fundamental conclusions. That the diagnosis is too frequently 
missed we know from experience at our own institution. This is one 
of the prime reasons for again calling the attention of the profession 
to this result of trauma. Working as we do in a general hospital which 
serves private patients as well as a teaching institution for the medi- 
cal school, we have the opportunity to observe the methods of a 
considerable group of surgeons in the management of accident cases. 
During the present year, two cases (Nos. 19 and 20) of traumatic 
rupture of the spleen remained undiagnosed until necropsy. 

In reviewing the pertinent literature one Is impressed by the large 
number of papers reporting one or two cases of splenic rupture, 
indicating that many surgeons still consider it rare enough to warrant 
a paper composed of a single case report. That the true incidence is 
far greater is indicated by the report of Wright and Prigot.** They 
found traumatic rupture of the spleen in one out of every 666 acci- 
dent cases of all kinds admitted to the Harlem Hospital in New 
York City. 

At the University Hospital our incidence has been computed to 
be one out of every 920 accident admissions of all types. 

* From the Department of Research Surgery, The Ohio State University. This investi- 
gation was aided by a grant from the Comly Fund of The Ohio State University. 
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This report is based on a series of twenty-two cases of traumatic 
rupture of the spleen occurring in the city of Columbus, Ohio, during 
the years 1929 to 1941 inclusive. This period has been chosen because 
it begins with the adoption of uniform record library methods 
throughout the city. The cases reported are all those recorded in the 
files of the city’s six hospitals during the period. Our own cases total 
eight in number and represent one-third of the group. We believe 
that this group represents an accurate picture of the occurrence, 
recognition and management in a fairly typical mid-western city of 
300,000 inhabitants. It affords a good basis from which to appraise 
both the mistakes and successes in the present day surgical manage- 
ment of traumatic rupture of the spleen. 


ANATOMY AND PHYSIOLOGY 


A brief review of the anatomy and physiology of the spleen is of 
considerable help in a better understanding of the pathology and 
treatment. The spleen is a vascular, lymphoid organ measuring 
normally about 12 by 7 by 4 cm. and weighing about 200 Gm. Its 
tissue is soft and friable. Lying as it does between the fundus of the 
stomach and the diaphragm the spleen is normally protected by the 
lower portion of the thoracic cage. It is almost entirely surrounded 
by peritoneum and is held suspended by two folds of this membrane, 
the phrenicolienal ligament and the gastrolienal ligament. The 
friable, fragile nature of the splenic tissue, together with its mode of 
suspension explain the frequency with which the spleen is ruptured 
by indirect force despite its seemingly protected position. Also, since 
the large vessels supplying the spleen run through the gastrolienal 
ligament, it is easily seen that a tear of this ligament would result in 
grave hemorrhage. 

The splenic artery, next to the renal arteries, is the largest vessel 
supplying any of the abdominal viscera. It is the largest branch of the 
celiac axis, and is out of all proportion to the size of the organ it 
supplies. The artery divides into a series of branching networks which 
finally allow the blood to percolate through the interstices of the 
reticulo-endothelial tissue. Thus it may be seen that, for the pur- 
poses of our consideration, the spleen may be thought of as an organ 
made up largely of blood vessels and spaces for blood within the loose 
pulp. A fracture in its substance may be considered as a tear in one of 
the most vascular tissues in the body. 
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The nerve supply to the spleen comes from the celiac plexus. 
Stimulation of these autonomic fibers leads to contraction of the 
smooth muscle fibers within the capsule and trabeculae. 

The physiology of the spleen is still not completely understood. 
However, three well recognized functions may be stated, namely, the 
destruction of formed blood elements, the storage of blood, and the 
production of lymphocytes in the Malpighian corpuscles. It is with 
the second of these functions that we are particularly concerned in 
this discussion. 

Stuckey, as early as 1742, stated that the spleen acted as a blood 
reservoir. But it was not until the work of Barcroft* was published 
(1922 through 1936) that the dynamics of this function were under- 
stood. Through these studies as well as the work of others, Holman,”! 
Hargis and Mann,*? it is now known that the spleen contracts in 
asphyxia, exercise, hemorrhage and emotional excitement. Doan, 
Curtis and Wiseman” actually demonstrated the contraction of the 
human spleen by injecting adrenalin into the splenic artery at opera- 
tion and noting its diminution in size. In effect, this actually results 
in a largely cellular autotransfusion. This procedure together with 
massage is used routinely by one of us (G. M. C.) in the course of 
splenectomies for pathologic spleens. 

Still more important was the demonstration by Barcroft and 
Nisimaru’ that the spleen undergoes constant, spontaneous, 
rhythmic contractions. These have a duration of from twenty-five to 
fifty seconds and are reflected as low undulations in blood pressure 
tracings. The practical import to our later discussion of treatment is 
obvious. The surgeon who contents himself with suture or packing 
and is aware of these contractions, can hardly conclude that he has 
used the safest method of arresting splenic hemorrhage. 


ETIOLOGY 


The cause of traumatic rupture of the spleen is some form of 
direct or indirect physical violence. Less frequently the rupture is due 
to a penetrating wound. 

Many pathological conditions cause enlargement of the spleen. 
That these spleens are subject to traumatic rupture is revealed in the 
reports of Banerjee? and Henderson.”?? Some authors suggest that the 
pathological changes which these spleens have undergone make them 
even more susceptible to traumatism and consequent rupture. 

That the normal human spleen may rupture spontaneously has 
been suggested. Susman‘! collected seven and Zuckerman and 
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Jacoby” collected twenty cases purported to be of this type. How- 
ever, a more critical review of the available literature casts some 
doubt on the probability of such an occurrence. It is more likely that 
these were instances of delayed rupture of previously traumatized 
spleens; the history of trauma being overlooked or even forgotten. 
We are hesitant to conclude that spontaneous rupture of a normal 
spleen can occur. 


TABLE I 
SEX INCIDENCE OF TRAUMATIC RUPTURE OF SPLEEN 
Sex Incidence 
TABLE II 
INCIDENCE OF TRAUMATIC RUPTURE OF SPLEEN BY AGE GROUPS 
Age Group Incidence 
TABLE III 
VARIOUS TYPES OF ACCIDENT PRODUCING TRAUMATIC RUPTURE OF THE SPLEEN 
Type of Injury Incidence 


Traumatic rupture of the spleen occurs more frequently in males 
(Table 1); only 9.1 per cent of our patients were women. Likewise age 
is an important influencing factor. Young individuals are far more 
often affected than older people (Table 11); 81 per cent of our cases 
occurred before the age of forty years. This may readily be explained 
by the greater activity of youth. 

The manner in which splenic injury is ordinarily sustained is 
significant. In practically all recent reports, including our own, 
automobile accidents have accounted for the greatest number. (Table 
111.) In our series, automobile accidents accounted for eleven cases, or 
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half of the entire group. It is interesting to glance back at the excel- 
lent earlier discussion of the subject by Conners,!* in 1921, and find 
that the automobile’s predecessor, the horse and wagon, was then the 
most frequent cause of the injury. A bit of irony is to be found in the 
report of Dretzka,'* from Detroit, the capitol of the automobile 
world, where not the automobile, but gunshot and stab wounds 
accounted for the largest number of injuries. 

Clear-cut industrial accidents account for but g per cent of our 
cases. This suggests that the long campaign for industrial safeguards 
is having some effect. Falls account for the largest number of the 
injuries in children. 

It is interesting to note that in Gordon-Taylor’s discussion*! of 
war injuries occurring in England, a new and more bizarre cause of 
traumatic rupture of the spleen is mentioned. This is rupture due to 
blast injury. In this respect the spleen is the most frequently affected 
abdominal organ. 

Considering at length the available reports of war injuries, we 
find that in military as in civilian surgery, the spleen is the most 
frequently affected organ in subcutaneous injury to the abdominal 
viscera. The frequent involvement of the spleen in civilian surgery is 
shown by the reports of Butler and Birnbaum," Bronaugh*® and 
Wright and Prigot* who find the spleen involved in 30, 33 and 47 per 
cent, respectively, of all subcutaneous abdominal injuries. Rupture 
of the spleen is even more frequent in occurrence than rupture of the 
liver or kidney which follow it in frequency. 


PATHOLOGY 


From examination of the spleens removed at operation and 
during necropsy, it is found that traumatically ruptured spleens can 
usually be classed in one of five categories. These more or less 
arbitrary groups are illustrated mm Figures 1, 2, 3 and 4. Each type 
corresponds with a different clinical picture. This knowledge is of aid 
in both diagnosis and treatment. 

Type I is a complete fragmentation of the spleen into two or more 
parts, or a complete tearing of the spleen from its pedicle. This results 
in immediate massive hemorrhage and in many instances in sudden 
death. Figure 4 illustrates a spleen of this type, removed in Case g of 
our series. The patient was kicked in the back while playing ball. He 
rapidly went into shock. He was operated upon within two hours of 
the injury and made a complete recovery. (Fig. 1.) 
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Type II represents a large tear at or near the hilus. This gives rise 
to the rapid onset of grave hemorrhage and like Type 1 demands the 
most rapid surgical intervention. (Fig. 2.) 


TYPE Tf TYPE IL 


Fic. 1. Diagrammatic representation of Types 1 and 
11 of splenic rupture, both leading to rapidly pro- 
gressive hemorrhage. Variations of Type 1 are a 
complete severance of the pedicle and a complete 
disruption of the spleen (Fig. 4). 


TYPE Il 


Fic. 2. Diagrammatic representation of Types m1 and 
iv of splenic rupture. Type tv is the lesion commonly 
responsible for the development of a_perisplenic 
hematoma. 


Type III is characterized by one large or multiple smaller tears 
about the periphery of the spleen. This type leads to slow but steady 
development of the signs of intra-abdominal hemorrhage. (Fig. 2.) 

Tvpe IV presents a solitary small tear at the periphery. (Fig. 2.) 

Type V is characterized by subcapsular hematoma. (Fig. 3.) 

The last two types are those particularly responsible for the 
development of the syndrome of delayed hemorrhage which will be 
discussed under symptomatology. 

One further pathologic consideration is of importance. This is 
whether or not spontaneous cure of a splenic hematoma is possible. 
If such is possible, there is some justification for those who believe 
that this lesion should be treated conservatively. R. C. Webb* 
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quotes J. S. McCartney as reviewing 25,000 necropsies at the Uni- 
versity of Minnesota. In this large group he found no instance of a 
healed splenic hematoma. It is our conclusion that such a spontane- 
ous cure rarely if ever occurs. 


TYPE V. 
Fic. 3. Diagrammatic representation of Type v splenic 
rupture. This presents two stages in the evolution 
of a subcapsular hematoma, the last representing its 


rupture. 


a 
Fic. 4. Photograph of a Type 1 splenic rupture. This spleen 
was removed from Case g of our series. 


SYMPTOMATOLOGY 


There is no one pathognomonic sign or symptom of traumatic 
rupture of the spleen. In almost every textbook of surgery Kehr’s 
sign and Ballance’s sign are prominently mentioned as diagnostic.'* 
This has not been our experience, particularly with reference to 
Kehr’s sign, which consists of referred pain in the left shoulder from 
irritation of the left diaphragm. A consideration of the literature 
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reveals that, while many writers mention it, few actually noted its 
occurrence in their own cases. Consideration of the pathologic find- 
ings in splenic rupture would indicate that it should be particularly 
found in instances of delayed hemorrhage. Ballance’s sign is more 
frequently encountered. It consists of dullness to percussion in the 
left upper quadrant, left flank and even in the right flank. On the 
shifting of position, only the dullness in the right flank disappears. 
TABLE Iv 


INCIDENCE OF COMMON SIGNS AND SYMPTOMS OF SPLENIC RUPTURE 
In Order of Frequency 


Table tv presents the incidence of the common signs and symp- 
toms. The most frequently encountered findings are abdominal pain 
and rigidity, either generalized or localized to the left upper quad- 
rant. Shock is another frequent finding, occurring in over half of our 
cases; however, it is not always present at the time the surgeon is 
called upon to give his judgment. We have noticed an initial shock 
which disappeared spontaneously. This has recurred in certain 
instances as the hemorrhage progressed. In other patients shock 
develops only as the effects of blood loss become otherwise evident. 
Initial loss of consciousness and vomiting were two of the less 
frequently encountered findings. 

No discussion of traumatic rupture of the spleen would be com- 
plete without consideration of the syndrome of delayed hemorrhage. 
This was first described by A. H. McIndoe.** In 1932, McIndoe 
reported forty-five cases. Since then we have found thirteen more 
cases reported in the 15 17, 20.25.38, 40, 45.46.48 To this list we 
are able to add two more of our own. 

This definite clinical picture merits more complete understanding, 
otherwise many a case will be overlooked. It is, in all probability, 
more common than the literature indicates. The syndrome may be 
described in the following manner: After an injury to the back, lum- 
bar area, or abdomen, which frequently is not of great severity, the 
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patient suffers more or [ess pain, some nausea and perhaps even mild 
shock. After several hours these symptoms disappear completely, or 
at most, leave only a vague upper-abdominal discomfort. The patient 
then enters the so-called latent period and is able to be up and about. 


TABLE v* 
TIME ELAPSED BETWEEN INJURY AND ONSET OF SYMPTOMS 
Time Interval No. of Cases 


* This table shows the time interval elapsing between injury and the onset of symp- 
toms leading to a diagnosis of ruptured spleen. The last two instances of delayed hemor- 
rhage occurred eight days and five weeks, respectively, after injury. 

The minimum length of the latent period should be forty-eight 
hours, as defined by MclIndoe,** to differentiate it clearly from 
simple, slowly progressive hemorrhage which may take more than 
twenty-four hours to produce signs and symptoms. (Table v.) Also 
during the latent period the patient should be practically symptom- 
free. Latent periods as long as six months are reported in the litera- 
ture. The latent period, after forty-eight hours or more, is suddenly 
terminated by the return of severe symptoms of intense abdominal 
pain and shock produced by the sudden release of a large amount of 
blood into the peritoneal cavity. This may occur so long after the 
unappreciated initial injury that the accident is even forgotten and 
the case considered a spontaneous rupture. During the latent period 
warning signals do exist. There will usually be dull pain on pressure 
over the left upper quadrant, a rapid pulse and a leukocytosis. 

The entire syndrome is better understood when the underlying 
pathologic physiology is made clear. Types tv and v of splenic injury 
particularly predispose to its development. (Figs. 2 and 3.) Thus, a 
relatively moderate blow may be followed by a small subcapsular 
hematoma with slight maceration of the adjacent splenic pulp. The 
spleen appears unable to heal this type of jury. Following this, 
constant oozing into the subcapsular hematoma gradually causes it 
to expand, stripping the capsule from the spleen and further macerat- 
ing the pulp. The hematoma swells to considerable size. Finally, a 
slight movement or strain is sufficient to cause it to rupture, releasing 
blood into the peritoneal cavity. A similar picture results when a 
small tear permits slow hemorrhage to occur. Sufficient time is thus 
allowed for the omentum, colon and stomach to wall off an area 
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about the spleen. A perisplenic hematoma is thus formed which may 
reach great size before the latent period is terminated by some slight 
strain or sudden movement sufficient to break down the barrier of 


adhesions. 
Our two cases of delayed hemorrhage follow: 


Case 5. The patient, V. La F., a student at The Ohio State University, 
was admitted to the University Hospital shortly after an automobile 
accident, complaining of intense abdominal pain. Immediately after the 
accident he lost consciousness, but did not appear to be in shock at the 
time of admission. 

Examination at the time of admission revealed: Temperature 98°F.; 
pulse 80; respirations 22; blood pressure 120/80. Respiratory movement of 
the left chest was decreased and left lower chest pain was experienced on 
inspiration. The abdomen showed marked generalized rigidity with marked 
tenderness in both upper quadrants. No masses were felt. The admission 
erythrocyte count was 5.06; the leucocyte count was 17,280. 

The patient was admitted and placed under observation. By the next 

morning he felt well except for some residual soreness in the left upper 
quadrant. He was, however, kept in the hospital and in bed. Five days after 
admission his erythrocyte count was 3.42 and his leucocyte count was 
21,900. 
On the eighth hospital day the patient felt well and was allowed to sit 
in a chair. That evening almost immediately after returning to bed, he 
experienced severe abdominal pain and went into shock. His erythrocyte 
count at this time was 2.59 and his leucocyte count was 35,200. He was 
given a blood transfusion and taken to the operating room. At operation a 
ruptured, subcapsular splenic hematoma was found. This was treated by 
tamponade and suture. The patient made a complete recovery. 

Case 15. J.B., an eighteen-year old white youth, was admitted to the 
University Hospital complaining of severe abdominal pain, nausea and 
vomiting. Five weeks prior to admission he was in an explosion in which he 
received a blow to his left upper quadrant. He was observed in another 
hospital for two days, but upon revealing no signs of severe injury was dis- 
charged. He thereupon resumed his normal activity. Twelve hours prior to 
his second admission he developed severe generalized abdominal pain of a 
cramp-like nature. He became very weak, was nauseated and vomited. 

Examination on admission revealed: Temperature 100°F.; pulse 110; 
respirations 20; blood pressure 90/50. The patient lay quietly in bed with 
both thighs flexed, and in great pain. The lungs were clear; the heart was 
normal. The abdomen revealed generalized rigidity and tenderness. The 
patient’s erythrocyte count was 3.90 and the leucocyte count was 22,400. 

Twelve hours after admission the patient was operated upon. A peri- 
splenic hematoma was found. The spleen had a small peripheral laceration. 
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This was sutured and the splenic fossa packed. The patient made an 
uneventful recovery. 


Before considering the diagnosis of splenic rupture, the subject of 
associated lesions should be considered. Wright and Prigot* found 
severe associated injuries in 50 per cent of their cases. In their series 
they encountered the following lesions, in descending order of fre- 
quency: Fractured ribs, fractures of the extremities, lacerated 
kidney, hemathorax with lacerated lung, cerebral complications, 
ruptured liver, ruptured urinary bladder and ruptured diaphragm. 


TABLE 
ASSOCIATED INJURIES AND FATALITY 


Type of Injury | Incidence | Fatality 
3 | None 
Retroperitoneal hemorrhage... .... I | I 


* The associated pathologic lesions listed in order of frequency found in our group 
of 22 cases of splenic rupture. The effect of each complicating Iesion on the outcome is 
indicated in the column at the right. 


In Table v1 the type and frequency of the associated lesions in our 
own series 1s recorded. In ten patients, or 45 per cent of the group, 
other injuries were present. The table also shows the effect of the 
associated damage on the outcome of the case. Undoubtedly, the 
presence of other injuries portends a poorer prognosis. However, the 
authors wish to make this point: Too often the associated condition, 
which may be more obvious but less serious, distracts the surgeon’s 
attention. Only belatedly does he realize that the hemorrhage from a 
ruptured spleen is killing his patient. By the time this realization 
comes it may be too late. 

An illustrative example is our Case 16, admitted in shock, with a 
fracture of the neck of the right femur and a fracture of the shaft of 
the left femur. The fractures were treated correctly, yet the patient 
died of hemorrhage from a ruptured spleen. 

One further point should be made in connection with severe 
associated injuries. In reviewing our series we believe that too often 
when confronted with multiple severe lesions, the surgeon hesitates, 
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or is overwhelmed by the magnitude of the task before him. He 
temporizes, delays while treating the shock, and with the delay 
follows loss of the patient. Cases with trauma to other organs call for 
the most energetic intervention of all and even delay in treating the 
shock may result fatally. 

Two cases in our series are again illustrative. Both had ruptured 
spleens and ruptured livers. (Table v1.) In one, operation was delayed 
thirty-six hours. The patient died. In the other operation was per- 
formed immediately after admission, while the patient was still in 
shock, with a blood pressure of 70/40. A splenectomy was accom- 
plished and the liver sutured. The patient made an uneventful 
convalescence and was discharged on the twentieth postoperative 
day. 


DIAGNOSIS 


The diagnosis of traumatic rupture of the normal spleen may be 
very simple in the typical uncomplicated case, or extremely difficult 
when associated with additional injuries. The associated injuries may 
be so severe as to mask or even overshadow the symptoms of rup- 
tured spleen. One of the cardinal symptoms, found constantly in 
reviewed cases, is that of abdominal pain either generalized or con- 
fined to the left side of the abdomen. This pain is usually very severe 
and may be out of all proportion to the suspected severity of the 
injury. History elicits some type of external violence. The patient 
presents severe progressive shock and may give a story of periods of 
unconsciousness. Breathing is usually thoracic in character, with 
respirations rapid and shallow. Ballance’s sign may or may not be 
positive. On examination the surgeon is impressed by the rigidity of 
the abdomen which increases with the shock and the seriousness of 
the injury. The temperature early is subnormal, the pulse rapid and 
of poor quality, depending upon the degree of hemorrhage and 
shock. 

In addition to the above clinical findings certain laboratory 
procedures may be done quickly and are of definite help. The 
leucocyte count in 80 per cent of the cases will be elevated above 
10,000 and on repeat counts will be found to be rising. The erythro- 
cyte count and hemoglobin may show a slight increase above normal 
at first (Table vi) but on repeated counts will be found to be falling 
rapidly. The falling drop method of Scudder for determining early 
hemoconcentration in incipient shock can be run quickly and will 
prove most helpful in making an early diagnosis. 
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Webb* has stressed the importance of a roentgenogram of the 
abdomen. This will frequently show elevation of the left diaphragm. 
The authors agree with this view completely. The procedure takes 
but little time and can be most helpful, particularly in cases of 
delayed hemorrhage. 


TABLE VII 
BLOOD AND URINARY FINDINGS ON ADMISSION IN OUR TWENTY-TWO CASES 
OF SPLENIC RUPTURE 


No. of Cases 

Red Blood Cells 

White Blood Cells 


Wright and Prigot* stress the use of paracentesis to determine 
abdominal hemorrhage. This is undoubtedly of value in certain 
instances, but we do not believe that its routine use, as suggested by 
them, is necessary or justified. 

Burke and Madigan” suggest the intravenous injection of thora- 
trast. This is an ingenious method and in a limited number of obscure 
cases may be most helpful. The reticulo-endothelial elements of the 
spleen phagocytize particles of the contrast medium. But a delay of 
at least two hours is necessary to interpret the test. 

The conditions from which ruptured spleen must be differentiated 
are mainly acute abdominal emergencies which require prompt 
surgical intervention. Perforated peptic ulcer, mesenteric throm- 
bosis, ruptured kidney or liver, ruptured tubal pregnancy may all be 
mentioned. Of all these, rupture of the left kidney is the most likely 
to cause confusion. Whenever this enters as a possibility, analysis of 
the urine and an intravenous pyelogram can be done quickly and 
should serve to make the differential diagnosis. 

We wish to stress the importance of early diagnosis. Fifty-one per 
cent of patients with ruptured spleens die within one hour following 
injury. We realize that but few of these cases may have the oppor- 
tunity for adequate treatment, due to the severity of their injury and 
the rapidity of its course. The mortality rate in the remaining 49 per 
cent may be lowered by prompt diagnosis and adequate treatment. 
All patients with a history of abdominal injury should be carefully 
examined, re-examined and observed, bearing in mind the probabil- 
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ity of injury to the spleen, and the seriousness of the situation should 
this exist. The surgeon should realize that an error in diagnosis or a 
tendency to minimize the situation may be fatal to the patient. 


TABLE VIII 
ADMISSION AND PREOPERATIVE DIAGNOSES IN OUR SERIES 


Fractured ribs—Intra-abdominal 


Finally, the importance of making the correct diagnosis preopera- 
tively cannot be overemphasized. Table vi lists the preoperative or 
admission diagnoses in our series. In only six cases, or 27 per cent of 
the series was the correct diagnosis made preoperatively. Of these 
only one died, giving a mortality of 16 per cent. Of the remaining 
sixteen cases incorrectly diagnosed, or undiagnosed, six died result- 


ing in a mortality of over 37 per cent. 


TREAT MENT 


A brief backward glance at the early attempts at surgery for 
traumatic rupture of the spleen is interesting. The first successful 
splenectomy for splenic rupture was performed in 1892.° By 1900, 
Bessel-Hagen‘ reported thirty-seven patients operated upon with 
twenty recoveries or a mortality of 46 per cent. Lotsch,® in 1908, 
reported 138 operative cases with a mortality of 37 per cent. With 
general improvement in surgical procedures and a more widespread 
awareness of the occurrence of ruptured spleen, this rate has gradu- 
ally lowered. By 1922, Buxton,!” reviewing the cases reported up to 
that time, found a mortality rate of 28.8 per cent of all patients 
operated upon. 

The treatment of traumatic rupture of the spleen or of rupture with 
delayed hemorrbage is surgical. Conservatism has but small place in 
the treatment of ruptured spleens. Wright and Prigot* record the 
mortality in conservatively treated cases, in those refusing treat- 
ment, or in those undiagnosed, as from go to 100 per cent. They also 
state that 51 per cent of patients with a ruptured spleen die within 
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one hour following their accident. We may conclude from these 
statistics that surgical treatment must be prompt and energetic. 

Patients presenting shock should be treated by shock combatting 
methods such as intravenous fluids, plasma, or by slow drip blood 
transfusion during surgery. It is impossible to expect to alleviate 
shock in a patient who is hemorrhaging from a large tear in the 
spleen. If operation is delayed until the patient recovers from shock, 
but few ruptured spleens will come to operation. We cannot stress 
too strongly that shock is not to be considered a contraindication to 
surgery in this condition. 

Each patient should be treated individually. The choice of the 
anesthetic agent, depending upon facilities at hand, should be made 
with regard for the safety of and suitability for each particular case. 
Many patients are started under local and supplemented with in- 
halation anesthesia. 

On opening the abdomen, in nearly all cases of ruptured spleen, a 
large amount of free blood is found. This blood should be aspirated 
into a sterile container, filtered and then reinjected into the patient’s 
vein. Autotransfusion®*** originally advocated in the literature by 
Kraft, in 1931, is but rarely mentioned yet will be found to be life- 
saving in many cases. No ill effects occur since the blood is not 
contaminated. Post-transfusion reactions do not occur as they some- 
times do in using donor blood, while the free blood in the abdominal 
cavity affords a means of prompt transfusion to each case. One of us 
(W. D. N.) has used this method most successfully. 

The ruptured spleen should be quickly inspected and frequently 
may be grasped with the hand to control bleeding before clamping 
the splenic pedicle. From careful consideration of our own series and 
a review of many other cases, we have concluded that suture or 
tamponade has no place in the treatment of the ruptured spleen. 
Any fractured spleen should be removed. When the splenic vessels are 
suitably ligated any danger from hemorrhage has been obviated. Due 
to the consistency of the organ it is most difficult to suture the spleen 
satisfactorily. Tamponades may control hemorrhage while in situ, 
but their removal is frequently followed by recurrent or even by 
delayed hemorrhage. We have no assurance that a sutured spleen 
will heal satisfactorily or that delayed hemorrhage will not occur. 

The few who advocate suture and packing are at variance with 
the majority opinion on the subject. Dretzka'® writing of civilian 
practice and Gordon-Taylor*! reporting on war injuries to the spleen, 
both hold that suture is satisfactory for gunshot and penetrating 
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wounds. However, Jolly” also writing of war surgery, is definitely 
against such a procedure. 

The operation should be done as quickly as possible with adher- 
ence to the fundamental principles of surgery. Hemostasis must be 


TABLE 
TREATMENT BY SPLENECTOMY IN RELATION TO MORBIDITY AND MORTALITY 


| | Stay in 


Case No. | Associated Lesions | Mortality | enital~-Diags 
I Contusion of pancreas | Recovered | 35 
3 | Pneumonia | Recovered | 89 
4 Hemothorax | Recovered | 17 
7 | Fractured extremities | Recovered | 12 
8 , None Recovered 21 
9 | None | Recovered | 30 
11 | None | Recovered | 14 
12 | Fractured ribs | Recovered | 22 
13 | None | Recovered | 8 
18 | Ruptured liver | Recovered | 24 
22 | Ruptured diaphragm and lung| _ Died | I 
| | | 
11 7 I | 27 


* This table lists the results in eleven cases treated by splenectomy. The associated 
lesions are included to indicate the severity of the injury. Morbidity is measured by the 
length of stay in the hospital. 


secured; a rapid but careful search for additional injuries such as 
perforation of the stomach or bowel in penetrating wounds; and 
rupture of the diaphragm, kidney, or liver, in crushing injuries must 
be made. Wounds not contaminated are closed without drainage. 

Postoperatively, these patients are treated as any other surgical 
patient in shock or after hemorrhage. Blood transfusions should be 
given. We have found repeated small transfusions given frequently 
of more benefit than the same amount of blood given as a larger 
transfusion. Fluids by vein and clysis, and blood plasma also have 
their place in postoperative care. Morphine should be used freely to 
produce rest and relaxation. 

The data in Tables 1x, x, x1, and x11 summarize our findings in 
regard to treatment. Table 1x reveals that eleven of our twenty-two 
patients were treated by splenectomy. In this group there was one 
death. This is a mortality of g per cent. The patient who died was 
long delayed in securing medical attention and was practically in 
extremis when operated upon. Table x shows that four patients were 
treated by suture or packing. Of these none died. The mortality 
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rate for the fifteen operated cases is thus 6.6 per cent. This is an 
exceptionally low figure. The average reported in the literature is 
about 25 per cent. Yet, when this is compared with the mortality 


TABLE x* 
TREATMENT BY SUTURE AND PACKING IN RELATION TO MORBIDITY AND MORTALITY 


| 


Case No. Associated Lesions Mortality | a 
| | Hospital—Days 
5 None Recovered 33 
14 None | Recovered 33 
15 None | Recovered 22 
19 None Recovered | 62 
4 re) 37 


* This table presents the results of more conservative therapy in the management of 
four cases of splenic rupture. There were no severe associated lesions. 


TABLE 
MORBIDITY AND MORTALITY WHEN NO TREATMENT IS ATTEMPTED 


Case No. Associated Lesions Mortality 

2 Ruptured kidney | Died I 

6 None | Died 2 

10 None Recovered | 36 

16 Ruptured liver | Died | 2 

17 Ruptured kidney | Died I 
20 Hemothorax Died 2 
21 Rheumatic heart | Died | 11 

5 6 | 8 


* This table shows the results obtained in 7 cases of splenic rupture when no treat- 
ment other than observation or medical management was attempted. 


rate of 85 per cent in the untreated group, it is convincing that 
conservative or nonoperative treatment has little if any place in the 
management of traumatic rupture of the spleen. 

A comparison of Table 1x and x as summarized in Table xu 
presents the difference in morbidity between those patients treated 
by splenectomy and those treated by suture or packing. As measured 
by length of hospital stay, the patients treated by splenectomy 
showed a lower morbidity than those treated by other operative 
measures—twenty-seven days as compared to thirty-seven days. 

The question of spontaneous cure usually arises in any discussion 
of treatment. Some surgeon can usually be found who will recite his 
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case of ruptured spleen in which the patient made a spontaneous 
recovery. To deny categorically that such is possible would be 
imprudent. We even include one such case in our group. 


TABLE XII 
SUMMARY OF RESULTS OBTAINED BY THE VARIOUS TYPES OF TREATMENT IN RELATION TO 
MORBIDITY AND MORTALITY 


, | Stay in 
Treatme | No. of Cases! Mortality | 
reatment | No. of Cases | ortality | Hessel 
| | 6 8 


Case 10. H.S., a twenty-eight-year old white male, was admitted to 
the hospital complaining of pain in the left upper quadrant after being 
struck by an automobile. He did not lose consciousness but immediately 
after injury noted pain in the left lower chest and left upper abdomen. 

Examination revealed: Temperature 101°F.; pulse go; respirations 48; 
blood pressure 106/54. There was marked tenderness in the left upper 
quadrant and flank and dullness to percussion in the left flank. Admission 
erythrocyte count was 4.69; the leucocyte count was 32,100. 

Immediately after admission the patient went into shock. His blood 
pressure dropped to 80/50. He was treated conservatively and made rapid 
improvement. On his eleventh hospital day he was discharged. On the way 
home, while still in a taxi, he again suffered severe abdominal pain and 
collapsed. He was immediately returned to the hospital, arriving in shock 
with a blood pressure of 84/60. The signs and symptoms on examination 
were identical with those of his previous admission. Again he was treated 
conservatively and gradually improved. He was finally discharged on his 
twenty-fifth hospital day. 


This case illustrates well the matter under discussion. In the first 
place, if operation is not performed, the surgeon cannot be sure that 
the patient had a ruptured spleen. Second, having once grasped the 
full implication of delayed hemorrhage, the surgeon cannot quite be 
sure but that the patient will have a recurrence of the bleeding at a 
later date. If, in the case presented above, the patient had gone 
to another surgeon at a different hospital after his first discharge, the 
original surgeon would still be talking about his case of spontaneous 
recovery. Even at present there is no certainty but that two days or 
two months after his second discharge, the patient will not again 
have a delayed hemorrhage. 
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To summarize then, we conclude that the treatment of traumatic 
rupture of the spleen is always surgical and that the operation of 
choice is splenectomy. 


COMPLICATIONS 


The most commonly mentioned postoperative complication is 
intestinal obstruction, due either to paralytic ileus or adhesions from 
trauma to the intestines and mesentery. Three such instances oc- 
curred in our group. Disruption and infection of the wound may 
occur as a result of injury to the tail of the pancreas, or to undue 
haste in wound closure. One of our patients suffered from this com- 
plication. Postoperative lung complications are frequent because of 
associated injury to the chest. In our series there were three post- 
Operative pneumonias in addition to the hemothoraces already 
listed. These and other complications must be recognized early and 
suitably treated. 


POSTOPERATIVE RESULTS OF SPLENECTOMY FOR TRAUMATIC 
RUPTURE OF THE SPLEEN 


It is significant to note that but few cases have been carefully 
studied postoperatively after having had a splenectomy for splenic 
rupture. Yet here is a most fertile field in which to add to our all too 
hazy knowledge of the normal function of the spleen. Many reports 
have been written on the postoperative results of splenectomy for 
pathologic conditions of the spleen,***’ but here in a group of 
vigorous, healthy individuals suddenly deprived of a normal spleen, 
but little investigation of real value has been accomplished. 

The material embodied in this section may be considered as a 
preliminary report of work in progress by one of us (L. C. R.). 

In 1924, Pfeiffer and Smyth* made one of the few reports spe- 
cifically dealing with the late results of splenectomy for traumatic 
rupture of the spleen. Before that Hitzrob,?* in 1918, published a 
paper on “The Effect of Splenectomy on Normal Individuals and in 
Certain Pathological Conditions.” 

The resultant effects which these authors and others generally 
attribute to such splenectomies may be listed as follows: (1) An 
anemia which gradually returns to normal in from three to four 
months; (2) an increased resistance to destruction of the red cells; 
(3) an increased output of iron in the stools; (4) an increased total 
blood cholesterin; (5) no change in opsonins and agglutinins; (6) 
pronounced enlargement of the superficial lymph glands; (7) ease of 
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fatigability, and (8) lowered number of blood platelets, considering 


600,000 as normal. 
These results are based on four cases investigated at periods 


TABLE XIII 


LATE POSTOPERATIVE FOLLOW-UP OF FOUR CASES OF TRAUMATIC RUPTURE OF THE SPLEEN 
TREATED BY SPLENECTOMY 


Interval Hematology 
eat | c: ncrease 
C Sol | Since | — | Incid 
case | Splenec- ncidence 
| Splenec-| Red | White | |... | Growth 
No. | tomy | ‘Hemo- | Plate- | Differ- | of 
| | tomy Blood | Blood | f 
| lets | ential Infection 


| 


| 
| 
I | 14 14.5 | 4.90 | 7,200 | 800,000] Normal] Adequate}! None 


2 

12 | 7 14. 4.00 | 7,500 | 848,000} Normal} Adequate} None 

9 | 20 3 | 14.5 | 4.90 | 6,250 | 690,000! Normal) Adequate| None 


| 
Yrs. | yrs, | Cells | 


II 12 | 13.5 | 4.25 | 6,500 | 700,000] Normal! Adequate} None 
| 


ranging from one year and nine months to four years postoperatively. 
Other observers have attributed a failure of proper growth and a 
decreased resistance to infection to the removal of a normal spleen. 

Our studies on this subject are based on six patients who received 
splenectomies for splenic rupture. The period postoperatively ranges 
from two to seven years. Four have been partially investigated, while 
two have only had a preliminary interview. We are most fortunate in 
having the assistance of the hematologic laboratory of Drs. C. A. 
Doan and B. K. Wiseman in carrying out this work. 

Table x11 gives certain of our findings in our first four cases. The 
columns headed “‘Growth” and “Infection” indicate that according 
to clinical tests there was no deficiency of the one or increased evi- 
dence of the other. Another fortunate circumstance, as shown 
in the table, is that all these cases were adolescent at the time of 
splenectomy. 

Specifically our investigation thus far shows that all four patients 
have a normal hematologic picture. None showed either anemia or 
thrombopenia. All four showed normal growth. None showed any 
increased incidence of infection. None of the four had any appreciable 
enlargement of the superficial lymph glands. All four had normal 
basal metabolic rates ranging from minus 2 to plus 8. In all the 
plasma iron was within normal limits. None admitted any decrease in 
energy or ease of fatigability. All were actively engaged in sports and 
extracurricular scholastic activities. 

Three, however, have shown one significant finding. When their 
blood volumes were investigated they were found to be normal. How- 
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ever, after the injection of adrenalin their blood volume did not 
increase as does that of the normal individual. It remained remark- 
ably constant. Furthermore their blood pressures showed only a 
6 to 8 millimeter of mercury increase. They did, however, show an 
increase in pulse rate. The fourth case has not yet been thus investi- 
gated. Therefore, to the question, “‘What is the effect of splenectomy 
on a normal individual?”’, we must perforce answer, “We have found 
none.” So far as health and growth are concerned, the spleen appears 
to be an unnecessary organ. 

One other late result of traumatic rupture of the spleen should be 
mentioned. In 1892, Albrecht! reported a case which at autopsy was 
found to have no primary spleen but numerous small growths of 
splenic tissue on the greater omentum, the diaphragm and in the 
pouch of Douglas. There was no history of trauma or of splenectomy. 
These growths may have been multiple accessory or ectopic spleens 
which have been found in a high percentage of neciopsies. Albrecht, 
however, reported them as splenic autotransplants. 

In 1910, von Kuttner reported a case, necropsied four years after 
splenectomy, in which from eighty to one hundred splenic growths 
were found scattered throughout the abdomen. These could hardly 
have been accessory spleens. Since then Foltin,’® von Stubenrauch, ** 
Oltman,‘** Lee,” Kupperman,‘*? Shaw and Shaft*®® in Europe; and 
Buckbinder and Lipkoff® in this country, have each reported one case 
of splenic autotransplants. Buchbinder and Lipkoff have suggested the 
name splenosis for this condition. 

In 1920, Marine and Manley** successfully made autotransplants 
of splenic tissue to the abdominal muscles of rabbits. In 1936, Perla*® 
produced peritoneal splenic autotransplants in rats. 

In our own experimental work we have produced peritoneal 
splenic autotransplants in three out of six rabbits. These were not 
recognizable earlier than six months after implantation. Figures 5, 6 
and 7 present the gross appearance and microphotographs of the 
transplants in one such experimental splenosis. Our technic has been 
to splenectomize the rabbit under conditions of strict asepsis. ‘The 
spleen is then aseptically macerated to the consistency of a thick 
paste. Small portions of this, no larger than a pinhead, are then 


seeded throughout the abdomen. 

From this experimental study we conclude that splenosis Is a rare 
but definite and serious late complication of splenic rupture. The 
seriousness lies in the fact that the splenic tissue may be simultane- 
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ously implanted on two adjoining loops of bowel. This may, in time, 
provide the basis for an intestinal obstruction. One such case has 
been reported. Another untoward result of splenosis could conceiv- 


Fic. 5. A photograph of the intestine, mesentery, and 
parietal peritoneum of a rabbit showing numerous areas 
of autoplastic splenic transplants. 


Fic. 6. Microphotograph, low magnifi- Fic. 7. Microphotograph, high mag- 
cation, showing a portion of a splenic nification, of the same specimen 
autotransplant attached to the serosa as Figure 6, showing cellular de- 
of the intestine of a rabbit. tail of splenic autotransplant. 


ably be the development of an abnormal hemoclastic activity by the 
transplanted splenic tissue. 


/ 
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CONCLUSIONS 


Traumatic rupture of the normal human spleen is not as rare as Is 
commonly thought. Its incidence, both real and apparent, Is increas- 
ing in civilian life and is high in war injuries. The spleen is the most 
frequently injured of all the abdominal viscera. The types of injury 
most frequently causing this lesion, aside from war injuries, are 
automobile accidents and falls. Five types of pathologic rupture are 
recognized, each leading to a definite clinical picture. Of these the 
syndrome of delayed hemorrhage is the most frequently overlooked. 

Associated severe lesions occur in about 40 per cent of the cases. 
These materially increase the likelihood of a fatal outcome and may 
call for rapid surgical intervention. 

There are no pathognomonic signs or symptoms of splenic rup- 
ture. Generalized abdominal rigidity and tenderness, or the same 
more localized to the left upper quadrant are encountered in the 
majority of cases. Shock is also most frequently noted. These clinical 
findings together with certain simple laboratory tests enable the 
surgeon to make the diagnosis with certainty. The laboratory tests of 
greatest value are: repeated determinations of the hemoglobin and 
erythrocyte count, the Scudder falling drop test for hemoconcentra- 
tion and a flat plate of the abdomen showing an elevated left 
diaphragm. 

The treatment of traumatic rupture of the spleen is always surgi- 
cal. Splenectomy is the operation of choice. Operation should not be 
delayed in an effort to combat shock. This should be treated while 
the operation is in progress. Autotransfusions are recommended. 

Ultimate ill effects subsequent to absence of the spleen after 
splenectomy for splenic rupture are negligible. We have been able 
thus far to determine no ill effects. Splenosis or the occurrence of 
splenic autotransplants within the peritoneal cavity is a real but rare 
late complication. 
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DISCUSSION 


W.L. Estes, Jr. (Bethlehem, Pa.): I believe the Association is to be 
congratulated on the delightful paper that Dr. Curtis and Dr. Roettig have 
prepared, and its presentation by Dr. Roettig. 

We have been interested in various phases of this particular problem. 
Our experiences differ somewhat in the question of incidence of abdominal 
trauma, and also of lacerations and rupture of the spleen. We find that 
nonpenetrating trauma of the abdomen is encountered rather infrequently, 
and to many the diagnosis and treatment are not always familiar. For that 
reason, therefore, we believe that this is a very valuable paper, having 
brought to our attention various pitfalls in the possibilities of incomplete 
and uncertain diagnosis, and having emphasized the difference in accuracy 
of proper treatment and the end results. This very extensive report of 
Dr. Curtis is most timely on the rupture of the spleen representing a lesion 
that requires prompt recognition and prompt surgical intervention for a 
successful outcome. 
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Our experience has been, statistically, that of about 415 consecutive 
injuries admitted to our clinic. There were thirty-four of abdominal trauma, 
and of another group of ninety-four cases of abdominal trauma, there were 
seven instances of rupture of the spleen. 

These cases of rupture of the spleen we have found more or less helpful 
to divide into three groups: ; 

1. Cases of severe multiple trauma, which include rupture not only of the 
spleen but also of the diaphragm, liver, intestine or kidney, fracture of ribs 
and extremities, or lacerations of lung. These terminate fatally so quickly 
that very seldom is there an opportunity to apply treatment that might be 
effective. The trauma is so great and extensive that death is inevitable. 

2. Simple rupture of the spleen with a recognizable symptom complex. That, 
again, I think Dr. Roettig dwelt upon very nicely and satisfactorily. 
Splenectomy is the treatment of choice, and as Dr. Roettig has shown, can 
be performed with a surprisingly low mortality with adequate preoperative 
and postoperative care. 

3. Cases with delayed symptoms or delayed rupture, with obscure or atypi- 
cal manifestations, also referred to by Dr. Roettig. These, unfortunately, are 
not uncommon and present a problem in diagnosis that may be very diffi- 
cult to solve in time to save the patient. 

Our experience with traumatic rupture of the spleen has been extremely 
limited. Five of these were the result of motor accidents and a fall, and one a 
coasting accident, and I am wondering whether that may not be a factor 
in the experience and incidence as between Drs. Curtis and Roettig and 
ourselves. I believe that in the congested, heavily populated areas, where 
they are many motor accidents, this injury is probably going to be found to 
be much more common than perhaps in the less heavily populated districts 
because of the high incidence of severe motor accidents. 

Of these seven, three had severe multiple injuries and died within 
sixteen hours of the accident with no surgical treatment. Four were 
splenectomized. Two had uncomplicated ruptures of the spleen and sur- 
vived. Two died, one as a result of concomitant contusions of the liver and 
intestine with terminal mesenteric thrombosis; the second had fracture of 
the ribs with laceration of the lung. 

This in general, if any conclusion can be drawn from so few cases, 
corroborates Connor’s dictum that mortality in rupture of the spleen 
depends upon the severity of the associated lesions, and that the only effec- 
tive treatment is prompt splenectomy in the properly prepared patient, by 
transfusions, plasma, etc. It seems likely, however, with the various blood 
substitutes now on hand for immediate use in emergencies, that the severe 
complications of splenic rupture may be more successfully handled, particu- 
larly when hemorrhage is the major lethal factor. 

We have also been interested in this group of cases of delayed diagnosis. 
Of definite interest have been various measures proposed from time to time 
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to aid in the diagnosis of delayed rupture. Dr. Roettig has very well stressed 
the point brought out by McIndoe that the x-ray has too seldom been used. 
With splenic rupture, in a simple flat plate of the abdomen McIndoe 
observed increased density in the left upper quadrant with elevation of the 
left diaphragm and displacement of the stomach to the right. Webb has 
reported similar findings. 

Pendergrass has suggested that a radiograph taken after administering a 
Seidlitz powder will better outline the stomach and reveal the pressure 
deformity in the fundus that occurs with a large perisplenic clot. And 
finally, Burke and Madigan have likewise reported the intravenous use of 
thorotrast to diagnose rupture of the spleen. An abdominal film taken four 
hours after injection will demonstrate perisplenic extravasation of dye when 
splenic rupture has occurred. 

We believe that the successful treatment of a traumatic rupture of the 
spleen would seem to depend upon the severity of concomitant lesions, the 
prompt combating of blood loss with equally prompt splenectomy, and 
early diagnosis of delayed rupture or rupture with delayed or slow hemor- 
rhage, so that the indications for splenectomy may be recognized before it 
is too late. 

G. Gavin MILLER (Montreal, Canada): I am afraid, that I have not 
very much to add. There is one sign we see at times which is that of pain in 
the shoulder, and I think sometimes the gas bubble in the stomach with a 
flat plate will be shown on a straight x-ray examination. I| certainly have 
never believed that one should do elaborate x-ray tests. 

We have eight patients in our series and none of them died. They were 
all treated differently and they were all treated at different times. These are 
all cases with no multiple injuries. The patients with multiple injuries are 
apt to die rather promptly, and when the autopsy is done by the coroner we 
have no information on that series. In the cases in which we have operated 
upon the patients we find we have had no mortality. 

I have been impressed much more by the danger of missing the diagnosis 
which may be a ruptured bowel. I think that early operation, splenectomy, 
with suitable transfusions, is a comparatively safe procedure, but I think 
delay in which there might be a ruptured bowel is fraught with great 
danger. I think that a ruptured bowel is an infinitely more dangerous 
condition, especially if missed, than splenectomy; so it has been our rule, 
where there is any doubt about the diagnosis, to explore; and I think witha 
suitable local anesthesia, one need not be particularly afraid of opening the 
abdomen in the presence of a certain amount of shock and a certain amount 
of hemorrhage. 

Freperic W. Bancrort (New York, N. Y.): May I mention one other 
diagnostic point that I think is sometimes of value? We had a child brought 
into the hospital this year with rather an indefinite history. By flat x-ray 
plate, we discovered a space between the cardia and the diaphragm. We 
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utilized that. We gave her a little barium by mouth, put her in Trendelen- 
burg position, and found a space of an inch between the cardia and the 
diaphragm. I think that is a method of determining in the slow type the 
presence of blood. 

Byrp C. Wittis (Rocky Mount, N. C.): I want to say a few words 
about an instrument I use for collection of blood. 

This is an apparatus we found very useful, and a very simple one to 
arrange. In the question of collecting the blood, we found this problem: If 
you use ordinary suction, you soon clot the blood and block the holes. You 
have to have a special tip. We have a glass tip and a wire to protect it, and 
we cover it with gauze. We have a section with the suction union at the top. 
You have your citrate container on top of that, and you have your air vent 
at the top. 

You have at the bottom of the bottle your transfusion needle that you 
run right into your patient. You suck the blood in and when you have a 
sufficient quantity in, you open it up and let the blood run into the patient’s 
vein. We found it of very great assistance in appendix ruptures and in tears 
in the mesentery, and I| have recently used it (I will probably be severely 
criticized) in a case of evisceration in a Negro, who had six perforations of 
the bowel. I am convinced there was no leakage in the cavity because the 
eviscerated bowel had the perforation, but still I used the blood and this 
Negro survived. 

I believe that the time is probably coming when we are going to stop 
throwing away the most valuable thing the patient has, and that is his own 
blood. 

We have had eleven cases of ruptured spleen, and I should like to call 
attention to a type of injury that I have not seen quoted before. A man 
was grabbed around the abdomen by his friend, lifted up, and he did not 
pay any attention to it. This was the afternoon before his admission. He was 
admitted into the hospital and the internist made a diagnosis of acute 
appendicitis because of pain in the lower left quadrant. But he did give one 
significant symptom, that he had a pain in the left shoulder. 

I operated upon the man for acute appendicitis, making a McBurney 
incision. When I opened the peritoneum there was a flood of blood. If I 
had not obtained the history of pain in his left shoulder, I would have been 
at a loss to know where this hemorrhage was coming from. I immediately 
closed the McBurney incision, made a left rectus incision, and found a 
transverse rupture of the spleen. 
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HEN the term, “sprained ankle,” is used, reference is 

usually being made to stretching or tearing of the 

external lateral ligament of the ankle. In view of the 
rather complex ligamentous structure of the ankle and tarsus, it 
would be more than a little strange if all sprains in this locality were 
confined to the external lateral ligament. As a matter of fact, several 
clinical entities may be recognized by careful examination. By far 
the most important and most serious ligamentous injury about the 
ankle is sprain of the anterior inferior tibiofibular ligament, with 
varying degrees of lateral luxation of the ankle, but unaccompanied 
by an important bone injury. In the severer grades of this lesion, 
failure to recognize its true nature and institute proper treatment 
results in disability all out of proportion to the apparent seriousness 
of the injury. Injury to the inferior tibiofibular ligament may occur 
alone, but it is usually associated with sprains or tears of the internal 
or external lateral ligaments. 


INCIDENCE 


Sprain or rupture of this ligament, with consequent spreading of 
the mortise, is universally recognized as a fairly common complica- 
tion of ankle fractures, but its occurrence without an important 
fracture is overlooked by most authors. Campbell! refers to this 
injury but states that it rarely occurs without accompanying frac- 
ture. Keys and Conwell? mention it briefly, but regard it as rare. 
Only two references*‘ to this condition could be found in the current 
periodical literature. Older textbooks disregard it entirely. 

However, Bohler’ considers it a relatively common lesion and 
discusses the mechanism and treatment at considerable length. 
Watson-Jones states that sprains of the internal lateral ligament 
may be accompanied by tearing of the tibiofibular ligament. Thorn- 
dike,® in his monograph on athletic injuries, says that damage to the 
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tibiofibular ligament is sustained more frequently than external 
lateral ligament injuries. In our experience, minor degrees of this 
lesion have occurred about as frequently as the usual “sprained 


A B 
Fic. 1. A, separation of tibiofibular joint by external rotation. B, 
roentgenogram showing displacement possible after novocaini- 
zation of injured ligament. 


ankle” and severe tears with lateral subluxation of the ankle are by 
no means infrequent. We have seen it most frequently as a result of 
athletic injuries—football, basketball, skiing, and the like—all 
having been responsible. As might be expected, it has generally 
affected patients in the second decade, although no age is exempt. 


ANATOMY 


The anatomy of the distal tibiofibular joint’ is comparatively 
simple. The articulation belongs to the syndesmosis group which 
includes those joints in which contiguous bony surfaces are united by 
an interosseous membrane allowing a slightly movable articulation. 
This syndesmosis is formed by the rough convex surface on the 
medial side of the fibula and a rough concave surface on the lateral 
side of the tibia. 

There are four ligaments in relation to this joint. The anterior 
ligament is a flat, triangular band of fibers which extends obliquely 
downward and lateralward between the adjacent margins of the 
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tibia and the fibula on the front aspect of the syndesmosis. The 
posterior ligament, smaller than the preceding, is disposed in a 
similar manner on the posterior surface of the joint. The inferior 


A B Cc 


Fic. 2. A, separation of tibiofibular joint by internal rotation. B, roentgenogram after 
novocainization of ligament. Note separation possible. Arrow indicates small avulsion 
fracture. C, lateral roentgenogram showing slightly displaced fracture of posterior lip. 


transverse ligament lies in front of the posterior ligament, passing 
transversely across the back of the joint. The fourth ligament, asso- 
ciated with the joint, is the interosseous ligament which Is continuous 
with the interosseous membrane and which constitutes the chief 
bond of union between the bones. A small amount of motion 
normally occurs in the tibiofibular jomt as the astragalus moves in 
the mortise joint during plantar and dorsal flexion. This is due to an 
anatomical peculiarity. The body of the astragalus is much wider 
anteriorly than it is posteriorly. Hence as the ankle is dorsiflexed the 
wider portion of the astragalus enters the mortise and a slight normal 
separation occurs between the tibia and fibula. Conversely, the joint 
narrows as plantar flexion occurs. The nature of this motion is not 
clearly established, but it probably consists of slight external rota- 
tion of the fibula on its long axis, and possibly a gliding motion of 
the fibula on the tibia. There is a normal wide variation both in the 
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Fic. 3. A, chronic sprain of inferior tibiofibular joint. (Duration of 
symptoms two years.) B, roentgenogram of unaffected side. c, 
marked displacement possible after novocainization of ligament. 
D, injured ankle after autogenous bone graft, with complete relief 


of symptoms. 
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width of the joint fissure between the tibia and fibula, and also in the 
range of motion. It is, therefore, not possible to define the normal 
width of the joint or the normal amount of separation occurring 
during dorsiflexion, except by comparing the two sides. Neither age, 
sex, nor habitus seems to determine the type of joint a given indi- 
vidual has. 


MECHANISM 


Campbell? states that injury to the tibiofibular ligament may be 
the result of either direct or indirect violence. In our experience, the 
lesion has always occurred as a result of rotation of the leg on the 
fixed foot. The rotation may be either internal or external. Bohler® 
explains the occurrence of this lesion as follows: “If external rotation 
occurs on the fixed foot, the astragalus acts as a lever which is 
rotated inward in the ankle mortise stretching or tearing the tibio- 
fibular ligament; or the fibula may be held in place by the external 
lateral ligament and only the tibia rotates. In this instance, the 
anterior outer angle of the tibia, to which the ligament attaches, is 
usually avulsed. If the leg is internally rotated on the fixed foot, the 
ligament between the medial malleolus and the astragalus is ruptured 
and then the tibiofibular ligament. Often a small fragment is torn off 
the posterior tibial malleolus, and if the force is continued, a torsion 
fracture of the upper end of the fibula occurs.” 


SYMPTOMATOLOGY 


The symptoms naturally vary somewhat with the severity of the 
injury. In the less severe cases, pain in the ankle, swelling, and 
exquisite tenderness sharply localized over the tibiofibular joint, are 
found. In the more severe cases, with lateral subluxation, there is 
practically always inability to bear weight. While the findings on 
inspection are by no means as marked as in external lateral injury, 
the disability is much greater. 


DIAGNOSIS 


In a patient with the above symptoms, whose roentgenogram is 
reported negative, tibiofibular ligament injury should be strongly 
suspected. Localized swelling and tenderness over the anatomical 
location of the tibiofibular joint and absence of swelling below the 
malleoli make the diagnosis quite certain. If the ligament is ruptured 
or its bony attachment avulsed, the ankle will be loose. However, due 
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to reflex spasm of the muscles about the ankle, it may not be possible 
to demonstrate laxity in the mortise joint until the pain and spasm 
have been overcome. This may be accomplished by the injection of 
2 per cent novocain directly into the injured ligament. After a few 
cc. of the novocain solution have been injected, it may be possible to 
withdraw old blood into the syringe, showing the presence of a 
hematoma. As soon as pain and spasm have been overcome, abnor- 
mal lateral mobility in the ankle can be demonstrated. This is 
accomplished by grasping the lower leg in one hand and the heel in 
the other. The astragalus can now be moved laterally and medially, 
and felt to strike against the internal malleolus. 

As before mentioned, it is wise to test the uninjured side for 
comparison, since the normal range of motion varies in different 
individuals, much as it does in the inferior radio-ulnar joint. 

Radiographic Appearance. Since the displacement is a matter of 
millimeters, routine radiographic examinations are usually negative, 
although comparison with the sound side may disclose a difference in 
the width of the joint fissure. After anesthesia, however, the astraga- 
lus may be pushed Iaterally against the external malleolus, in which 
event not only will the joint space appear widened, also the space 
between the astragalus and internal malleolus may be increased. 

A widened space between the astragalus and the internal malleo- 
lus is evidence of a tear of the internal lateral ligament, which is 
produced by abduction. If the injury to the tibiofibular ligament ts 
by external rotation, the internal lateral ligament need not be torn; 
if the injury is by internal rotation, only the anterior portion (the 
tibionavicular ligament) of the deltoid ligament need be affected. 
In either event, wide separation between the internal malleolus and 
the astragalus will not occur, and the latter finding ts, therefore, not 
necessary to make a diagnosis of tibiofibular diastasis. It goes with- 
out saying that in attempting to show separation, the x-ray tube 
must be properly centered, otherwise the oblique rays produce a 
misleading distortion of the joint. 

In the chronic case, the findings are generally less marked, but 
there is a history of one severe episode with slow recovery and 
followed later by milder acute exacerbation due to trivial traumas. A 
painful snapping in the joint is often noted by the patient and may 
be elicited by the examiner. It is our impression that many and 
perhaps most of the cases of so-called “‘chronic sprain of the ankle”’ 
really represent unrecognized injuries to the inferior tibiofibular 


ligament. 
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TREATMENT 


In those instances in which no displacement can be produced 
under local anesthesia and where the patient is able to walk, a zinc- 
gelatin boot provides sufficient compression and support. It is 
repeated at two-week intervals until the pain, swelling and tender- 
ness have abated. 

In cases in which subluxation can be detected, reduction and 
fixation in plaster of paris must be carried out to prevent the liga- 
ment healing in a relaxed condition. Campbell? suggests the use of a 
padded cast, windows being cut over the malleoli and felt pads 
inserted to secure a compressing effect. 

In our hands, the use of a nonpadded walking cast, a la Bohler, 
has proved satisfactory. Under local anesthesia, as much of the 
swelling as possible is removed by massage and kneading. A U-splint 
is then smoothly applied to the lateral surface of the leg and ankle 
and bandaged with gauze. As setting occurs, marked pressure is 
exerted on the malleoli, the thenar eminences of the hands being 
used to distribute the pressure over a considerable area. A posterior 
plaster mold is then bandaged in place and the cast completed by a 
circular plaster bandage. Next a walking iron Is incorporated in the 
cast and weight bearing permitted. The cast is allowed to remain 
from four to six weeks when it is removed and a zinc-gelatin boot 
applied until all tenderness and swelling have subsided. 

In chronic cases, radical treatment may be necessary in order to 
effect a cure. Campbell? suggests intra-articular fusion. In our hands, 
the use of a bone graft from the tibia of the same side has been 
employed to stabilize the distal tibiofibular joint. This is driven into 
a drill hole in the tibia and fibula above the joint, and has proved 
highly successful in stabilizing the joint and in overcoming the 
symptoms. 


SUMMARY 


1. Injuries to the anterior inferior tibiofibular ligament without 
serious fracture are frequent, although very little is to be found bear- 
ing on this subject in the literature. 

2. If a considerable degree of subluxation accompanies the 
sprain, disability is prolonged unless adequate treatment is given. 

3. Treatment of the acute form by reduction and fixation is 
described; while a simple operative procedure for cure of the chronic 
cases Is proposed. 
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DISCUSSION 


Lioyp No.anp (Fairfield, Ala.): I am afraid I have not very much to 
add. The subject has been covered very well indeed, and I think that 
Dr. Outland has given us a most interesting paper. 

Diastasis of the distal tibiofibular joint must, of necessity, be asso- 
ciated with extensive ligamentous rupture and may occur without asso- 
ciated major fracture. The mechanics, I think, are open to question. 
Whether or not this can occur with internal rotation, I question, but most 
of us are inclined to associate such an occurrence with Potts’ fracture 
in which there is fracture of the internal malleolus or rupture of the internal 
lateral ligament with fracture of the lower third of the fibula. We must all 
agree with Dr. Outland that failure to recognize and properly treat the 
diastasis may, and often does, result in permanent disability. 

Aldredge states in a paper read before the American Medical Asso- 
ciation about two years ago, that definite widening of at least 2 to 3 mm. 
takes place at the tibiofibular joint when the foot is fully dorsiflexed, and 
that when the tibiofibular ligaments are sectioned, the fibula separates 
abnormally from the tibia when on dorsiflexion the foot reaches go degrees. 
It, therefore, seems evident that long immobilization in slight plantar 
flexion is indicated in every case in which separation with ligament injury 
is suspected in that joint. Just how long one should immobilize these 
patients, I do not think anyone knows. You have to try them out, I suppose. 
If you set an arbitrary six weeks of immobilization when there are rather 
violent symptoms, perhaps that is all right. There are patients, of course, 
on whom you will have to have metallic fixation later, but I do very firmly 
think the matter of putting on these braces in slight plantar flexion has a 
great deal to do with the end result and certainly tends toward comfort 
of the patient. 

Rosert L. Ruopes (Augusta, Ga.): I had the pleasure of reading Dr. 
Outland’s paper, a copy of which he sent me, and as though that were not 
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full enough, we have his pictures and his movies which just leave very little 
to say. 

I do have a few things that I want to suggest, mainly and particularly a 
slight modification in the treatment from that which he has suggested. 

Dr. Outland is to be congratulated for bringing so clearly and so thor- 
oughly to our attention a lesion often overlooked and associated with 
persistent pain over a prolonged period of time. However, I wish to empha- 
size his sentence, ““The exquisite tenderness sharply localized over the 
tibiofibular joint” as the key in diagnosis. 

For many years I have treated these badly sprained ankles, even some 
associated with milder type fractures, with lateral moulded lightly padded 
plaster splints instead of the U splint. The external or lateral splint is 
applied first, and extends from high up on the leg under the foot to the inner 
side of the instep. In other words, the lateral splint comes down and under 
the foot, whatever position you put it in, leaving a gap in here on the 
medial splint rather than carrying the U ail the way around. This mesial 
splint is held snugly and carefully moulded until it “sets.” The internal or 
mesial splint is then applied from a corresponding position on the leg down 
to about one-half or one-fourth inch above the other splint, depending upon 
the amount of swelling. This also is held snugly and carefully moulded until 
it “sets.” A muslin bandage or sometimes adhesive straps in addition, is 
firmly wrapped around the splints. I have not had quite the success in 
moulding out as much of the swelling as others have, so I have used sort of 
a delayed measure. The muslin bandage is then replaced from day to day 
as the swelling recedes and the gap in the two splints allows those to be 
brought closer together. 

In about a week or ten days all swelling is gone, the joint is snugly in 
position and circular plaster is applied instead of the muslin bandage. Using 
the moulded splints as a whole for compression, tightening them from day 
to day, has avoided the necessity of the windows and pads as suggested by 
Campbell. After their removal an elastic anklet or elastic wrap bandage is 
worn for several weeks. 

WiciiaM Darracu (New York, N. Y.): I think this is a very important 
lesion. We have been of the opinion for a long while that it was an important 
lesion, whether you have malleolar or high fibular fractures with it or not, 
and I am delighted to hear Dr. Marble say he had not seen one and did not 
know it existed, because I did not think there was anything in this line he 
did not know about. They are not common, I will grant that, but there are 
plenty of them and he has seen them but he has forgotten. 

Two or three points on the treatment: I believe that four weeks or six 
weeks is entirely too short, because I think it takes a long while for this 
ligament to heal and get solid, and I think they have to be off weight-bear- 
ing, with any stress and strain on it for a longer period than that. Whether 
it should be eight weeks or twelve weeks, I do not know. That is the 
conservative treatment. 
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That is why for a number of years, because of this long duration, we 
have been cutting off a little time by putting a bolt through the two mal- 
leoli, holding the thing firmly together. At first in that soft cancellous bone, 
we found the head on the one end of the bolt and the nut on the other end 
began to cut into the bone, and we started putting plates on the end. Using 
those, we can start the ankle motions earlier and get them up on a walking 
brace at the end of three or four weeks. The bolts are usually taken out after 
six or eight months. 

Racpu G. Caroruers (Cincinnati, O.): I think this is terribly important 
because there is a lot of talk going around that all you have to do is put in a 
little novocaine and tell them to go on out dancing that night; and doctors 
are doing that sort of thing every once in a while, then some of the rest of 
us get this situation when it Is in a bad chronic state. 

If an ankle is truly sprained in the true sense of the word, just a little 
stretching of some ligament without a true rupture or a true breaking of 
bone structures, I suppose that a little dab of novocaine, or perhaps a little 
colored medicine on the outside would do; but when things are really 
ruptured inside, as Dr. Outland has pointed out, this greater care is 
required. Or it may be a lesion such as I worked on last winter, that is, a 
rupture of the astragalofibular ligaments, which gives you almost the same 
thing, inasmuch as when they are ruptured and you put a little novocaine in 
and twist the foot in inversion, you can rock that astragalus over until it Is 
off line about 25 or 30 degrees. Either one of those lesions requires a plaster 
cast and a long continued treatment, and not this proposition that the 
coaches are trying to put over, that is, just a strap and get the fellow back in 
the game the next day and perhaps have him out forever. 
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THE BURN PROBLEM* 


Lizut. Cor. I. §. Ravpin, M.c.T 
Diplomate of the American Board of Surgery 
PHILADELPHIA, PENNSYLVANIA 


HERE is even now no universal agreement regarding the 

treatment of minor, much less, the extensive superficial burns 

in spite of the fact that these lesions are as old as fire itself. 
Not only is there no universal agreement, but there is no agreement 
in this or any other country. Every surgeon is constantly confronted 
with new agents, or old ones in new skins, purporting to overcome 
the deficiencies of those substances already available. Careful, 
unbiased investigations can, and should be carried out to arrive at 
conclusions which clinicians can use to guide them in the selection of 
methods and agents for the treatment of the burned area. 

The lack of agreement in regard to the local treatment of the 
burned area is similar to lack of agreement on the treatment of 
wounds in general. The American Red Cross Manual gives instruc- 
tions that a weak tincture of iodine be used in a wound, a procedure 
which must result in further tissue injury. There can be little doubt 
that the extent of injury in a burn is further increased by certain 
methods of therapy. 

There is, however, agreement on many of the major factors which 
are involved in the pathologic physiology of the burned patient and 
these may be used as a basis for outlining the general therapy. 

It is agreed that the pain which the extensively burned patient 
has is an important factor in the induction, progress and the pro- 
longation of the shock to which these patients are subjected. The 
burned patient should receive adequate doses of morphine. An 
adequate dose is one that will relieve pain and it should be remem- 
bered that the burned patient tolerates relatively large doses of 
morphine. 

The burned patient rapidly loses a part of his plasma volume. A 
portion of this is lost to the exterior, but the largest part is lost into 
the tissues in and surrounding the burned area. It is possible that 
small additional amounts of plasma are lost in other portions of the 
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body, perhaps through the mediation of some toxic agent absorbed 
from the burned area but this ts relatively unimportant in the early 
period of therapy. It is the loss of plasma volume into and around 
the injured tissues which is the principal cause of shock. Shock can, 
in large part, be prevented by the administration of plasma, serum, 
human albumin or some other adequate blood substitute. Even if 
shock has occurred it may be overcome by restoring a depleted blood 
volume with substances which tend to remain in the circulation, 
provided the shock has not existed so long as to make the state 
irreversible. It is best, therefore, to initiate the use of blood sub- 
stitutes early, before shock in the traditional sense has become 
manifest. The cause for irreversibility in the shock reaction is even 
now not clearly understood. To wait for a low blood pressure and a 
failing circulation before initiating therapy designed to maintain a 
nearly normal plasma volume is to court disaster. 

The use of blood during this early period may be harmful, for 
plasma continues to be lost while the red cells remain in the circula- 
tion. This leads to homoconcentration and an increased viscosity of 
the blood, to a deficient oxygen carrier, greater work on the heart, 
and thus to an intensification of the shock. While whole blood is 
useful when anemia occurs it should not be used in the first few days 
of treatment unless a severe anemia is present. In burns associated 
with other wounds transfusion may be necessary at any period of 
therapy. 

It is now generally agreed that the administration of large 
amounts of sodium chloride in hypoproteinemia intensifies the edema 
which occurs at any given level of serum protein. The patient with an 
extensive superficial burn rapidly becomes acutely hypoproteinemic 
if he receives intravenously large amounts of sodium chloride, 
because a further loss of plasma protein from the vascular system 
occurs as the sodium chloride leaves the vessels, carrying with it a 
variable fraction of the plasma protein. It is because of this that it 
has been suggested by the Burn Conference of the National Research 
Council that the patients receive no more sodium chloride intrave- 
nously than they have received plasma, or a comparable blood sub- 
stitute, in the same twenty-four hours. Local therapy is valueless 
unless sufficient plasma, serum, albumin, or a comparable substitute 
is utilized to maintain a plasma volume sufficient to permit the 
continuance of a nearly normal cardiovascular function, a normal, or 
nearly normal fluid exchange between the tissue fluids and the blood, 
and normal respiratory and cerebral functions. 
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The local treatment of the burned area is the most debated of all 
aspects of the “burn problem.” Every conceivable form of local 
application has been recommended and applied. Complete sight has 
been lost of the undeniable fact that a burn is a wound, and that the 
fundamental principles governing wound treatment should, wherever 
possible, be used in the local treatment of the area of the burn. 

While initially the area may be sterile, it is readily susceptible to 
every type of contamination to which wounds in general are exposed. 
It is for this reason that these wounds so frequently become infected. 
They are not protected adequately immediately following the injury, 
and they are too frequently not protected adequately during the 
emergency and definitive treatment. This factor must be continually 
stressed in the training of house officers. 

The débridement of the badly devitalized tissues must be done 
with the greatest care lest living tissue be further injured, and with 
the healthiest respect for asepsis. Here indeed is an area which 
provides a perfect culture medium. The specific local therapy should 
be designed to discourage bacterial growth and to prevent further 
contamination. I am sure that extensive débridement under local 
anesthesia is rarely necessary. It is far better to leave behind small 
areas of nonviable epidermis and dermis than to remove viable areas 
from which regeneration must take place. The extensive scrubbing 
procedures without doubt cause more shock than the good which 
they do. The removal of loose skin and the gentle washing of the 
surface with gauze, good white soap and plenty of sterile salt 
solution is about all that is required. The addition of one of the 
sulfonamides to the material which is to be applied locally should 
serve further to reduce the incidence of suppuration. 

Since a portion of the plasma which is lost from the circulation is 
lost from the surface of the burn, the local therapy should be designed 
to minimize this. The local tanning of the area provides a satisfactory 
method for attaining this objective. It is equally important, however, 
that the tanning agent does not simultaneously injure remaining 
islets of epithelium from which repair can take place. Not only must 
these residual islands not be injured, but repair must not be retarded 
by the locally applied agent. There can be little doubt but that 
tannic acid and gentian violet or the other dyes do, to some extent, 
inhibit cellular repair and perhaps cause some further necrosis. 
Whether they actually cause the extensive necrosis of otherwise 
viable tissue which has been ascribed to them cannot now definitely 
be answered, but I do not believe that they cause this necrosis except 
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perhaps when used with relatively high concentrations of silver 
nitrate. 

In spite of the objections it should be recognized that the tanned 
area, as a rule, requires minimal care and permits of rapid evacua- 
tion, considerations of great importance in military surgery. If one 
considers further that patients so treated do not require as large 
amounts of plasma as comparable cases which are not tanned, it 
becomes necessary carefully to weigh the advantages of tanning 
against its disadvantages. 

The pressure dressing method, which has within recent years 
gained a number of advocates, has a great deal to commend it. With 
this method an ointment containing a bacteriostatic agent, such as 
one of the sulfonamides, can be placed on the burned area following 
débridement and the part firmly supported and bound. Plasma loss 
is decreased by this method, the patients without doubt remain 
comfortable, subsequent tissue injury is minimized, and subsequent 
dressings kept at a minimum. 

Whether this method will prove to be useful to our armed forces 
as It is now proving to be in the care of burns in civil life remains to 
be determined. It has much to commend it, for it treats the burned 
area as a wound. We shall have to keep our minds open in regard to 
this method of therapy. Surgeons in civilian hospitals should adopt 
it for certain patients so that we may learn further of its advantages 
and disadvantages. For the face, hands and genitalia it will, without 
doubt, be helpful, for the use of tanning solutions on these areas has 
led to much needless deformity. It is time that we generally agree to 
condemn this practice. 

While the local and perhaps oral sulfonamide therapy will reduce 
the incidence of infection, these substances cannot be expected to 
correct gross errors in surgical care. If an adequate amount of a 
potent sulfonamide is used locally, I doubt the necessity of oral 
therapy. The burned patient frequently has a low renal output and 
great care should be exercised when those substances are used which 
tend to crystallize out in the urinary tract. Failure to heed this warn- 
ing will lead to anuria from mechanical ostruction. 

When infection occurs the local area must be treated as one would 
treat any other infected wound, by wide open drainage, thorough 
irrigation, and the local and oral use of bacteriostatic agents. To 
permit infection to gain firm foothold is to jeopardize the life of the 
patient, to prolong convalescence or to increase the resulting 
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It is important that the area of a third degree burn be skin grafted 
as soon as possible. This will reduce the incidence of infection, for 
such areas invariably become infected if not grafted. It will minimize 
deformity and will provide a healthier area than is obtained when 
epithelial proliferation from a few residual islands and from the 
wound edges is depended upon to cover the area. 

The modern development of technics for obtaining grafts of vary- 
ing thickness and extent for covering such areas should do away with 
the unsightly “‘ pinch grafts” which are even now too frequently used 
for covering the denuded area. Such plastic procedures require some 
additional knowledge, but the surgeon who does not possess this 
should not attempt the reconstructive stage of therapy. 

The intelligent care of the burned patient requires an intimate 
knowledge of basic surgical principles and a working knowledge of 
surgical physiology. While the intern may possess the latter, he does 
not have the former. These patients are often relegated to the 
youngest house officer for care when in reality they deserve the 
attention of the most experienced member of the staff. 

It is highly likely that burns will constitute a considerable group 
of the casualities in our armed forces as well as in civilian life during 
the next few years. We must meet the problems which they present 
without bias and prejudice. 


DISCUSSION 


WixuiaM Darracu (New York, N. Y.): I hope I never have to be in 
the position of living on the gleanings of a field that Ravdin has harvested, 
because he leaves very little for the gleaner. 

There are one or two things that I would like to emphasize, however, 
and that is, I think with this problem of burns, the thing which he brought 
out, and on which I would like to place the greatest emphasis, is that burns 
are wounds and should be treated on the same fundamental principles that 
wounds are treated. 

Secondly, I think that we can divide our present day knowledge into 
the things we know and the things we do not know. Of the things we know, 
I think first comes what he said about pain. Pain must be relieved because 
it makes the patient sicker if it is not, and not only pain at the time but pain 
during the ensuing days and weeks. 

The second thing I think has been pretty well cleared up and that is 
the question of the loss of the blood constituents. Most of these patients do 
not need red cells, most of these patients do not need salt; and if we think 
of what we heard this morning about the autopsies on the badly burned 
patients, the kidneys and the kidney tubules, we will not give them too 
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much salt. But what they do need is plasma, and plenty of plasma. I think 
that is pretty clear and definite. 

I think another thing on which we all agree is that one of our most 
important duties is to prevent infection, and to prevent infection by means 
which will do good and not do harm, that is, by means which will get rid 
of the contamination with as little damage to tissue as possible. 

What he said about gentle washing with a soap solution instead of 
violent scrubbing is along the same lines. He spoke of the use of strong 
chemicals to get rid of bugs which at the same time kill body cells. I think 
we are all in agreement on that. 

There is another fundamental principle in the treatment of wounds 
that we all agree on: they all need rest, and that means general rest and 
local rest. 

I think one of the things we are not sure about is what to do with the 
dead tissue. We realize that in compound fractures and in contaminated 
wounds, the object is to get rid of the devitalized tissue and the foreign 
material. How far shall we apply that in burns? I think we do not know to 
what extent we should débride and get rid of the dead tissue. That is why 
the tannic acid treatment which seems clinically to have helped so tre- 
mendously in the ways in which it has been used, perhaps is theoretically 
wrong. I have not been able to think that thing through; I do not know. 
Here we are covering this wound, or continuing the covering of the wound 
by tissue which is practically dead. Perhaps that is wise; perhaps it is not. 

On the question of coverage, I think clinicaily everybody agrees that 
we must get these wounds covered in some way to cut down the plasma loss, 
to cut down the pain, and to hasten healing and quiet down the edema. 
What is the ideal coverage? I cannot help but believe that theoretically, 
at least, the ideal coverage is skin. Now if means can be worked out whereby 
skin grafts shall be done at the earliest possible moment instead of later on, 
I think we will make advances in this treatment. It has been done in some 
places but I do not think we know yet how early it can be done safely. 

As for the sulfonamide drugs, I want to put in one word about those 
and I like to say it as often as I can in regard to their use in wounds, 
whether compound fractures or burns or anything else: Let us remember 
that they are aids and not substitutes for good surgery. 

JoHN F. Gite (Hanover, N. Y.): There is very little that I can add to 
this discussion after Dr. Farmer’s paper, Dr. Ravdin’s paper and Dr. 
Darrach’s discussion. About the only thing I can do is to agree with every- 
thing that has been said. I do not think there is any question about every- 
body’s agreeing with the first-aid treatment, getting these people warm, and 
the use of morphine and plasma, and so forth. 

As far as what you are going to put on locally, I think there is still, of 
course, considerable discussion. We believe that in patients who look as 
though they were going to have considerable dehydration, tannic acid is the 
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best treatment. On the other hand, as has been emphasized here, we believe 
that it should not be used on the extremities, and so forth. We have people 
coming in, upon whom the treatment has been decided on the outside by 
the first-aiders with a very generous use of tannic acid. We think that 
perhaps somewhere in the Red Cross book, that might be changed some- 
what. We have had cases come in, in which we wouldn’t primarily pick 
tannic acid as the treatment, on fingers and so on, on which it has been put, 
and we are then pretty well sold as to what the method of treatment must 
be. 

We believe that steariform and wet saline solution with pressure is about 
as good as anything we have; and we are of the opinion that patients get 
along and look about as well as with any other type of treatment. That is 
what we are using with pressure dressing, particularly, and splinting at 
times. We have also recently in two or three cases on the lower extremities— 
and I see no reason why it couldn’t be used on the upper extremities—put 
on the splints, so you get the legs up; and where there are bad burns on 
the back of the leg, you get it off the bed and up so you can dress it, and it Is 
certainly more comfortable. 

We have used no sulfa drugs in oil. We have used the powder on some of 
these burns and believe that it cleans them fairly well. But I think one 
other word of warning should be given. You should not continue to use It too 
long, as we believe that after a certain time it inhibits new growth. Whether 
that is absolutely true or not, I do not know, but we have rather believed so. 
We agree absolutely that early skin grafting is very important, getting them 
grafted as soon as possible, and starting motion, and so forth, of the part as 
soon as possible. 

DoucLas ACKMAN (Montreal, Canada): I should like to describe the 
method we are using at the General Hospital in Montreal. Before going into 
details, I might give you a little preview of how it occurred. Because of the 
emergency conditions and the fact that we are surrounded by munitions 
plants in Montreal, and the remote possibility of air raids, it was considered 
necessary to organize some kind of plan. In doing this, we had a committee 
which operated, and we have achieved a certain working plan which, with 
the help of a few slides, I would like to show you now. 

We have one chart which gives the timing in the treatment. The 
timing object presupposes the development of the treatment as the burn 
itself progresses. We have to have two teams operating at the same time, 
one a shock team on a twenty-four-hour basis, and the other a burn team 
for local treatment, both under the supervision of a senior surgeon. 

This chart also outlines laboratory examinations and clinical data. We 
have divided our burn timing into a period of shock—the first forty-eight 
hours; the period of toxemia—the second to the fifth day; infection and 
granulation between the fifth and fourteenth day; and finally, a healing 
time which we put from the second to the sixth week. Our object is, first, to 
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treat the patient’s shock before attempting to undertake local treatment, 
and the treatment is shown on this chart. 

Just one word about the treatment with plasma. It is controlled by 
repeated hemoglobin estimations. We have to have a hemoglobin estima- 
tion done every hour for the first four hours, and thereafter every four hours, 
especially in severe cases. In the second hour, if the case is desperate, we 
give cortin, 25 cc. intravenously in extreme cases, and continue that cortin 
10 cc. intramuscularly as indicated. Plasma is given according to a plan. 

In the local treatment which is divided into two parts, one sees the 
employment of an eschar treatment for trunk, thigh, legs, feet, arms and 
forearms, and on all critical areas we are using a sulfathiazole emulsion 
which has been developed at the General Hospital. 

The redressings that are done are also shown on this chart. In the second 
twenty-four hours, it is sometimes necessary to redress our critical areas, 
and at other times it is not. It depends upon the serum loss and the appear- 
ance of the dressings. During the second twenty-four hours we have a 
complete blood chemistry done. In the second period of toxemia, the 
sulfonamides are introduced if they are needed, blood substitutes as 
indicated, and if in the eschar we have infection, it is unroofed and the 
emulsion dressing applied. All critical areas continue to be redressed at 
suitable periods. 

In the period of infection or granulation, as the case may be, we carry 
out the treatment according to plan. If anemia develops, transfusions are 
used, and diet and vitamins as indicated. Again if infection occurs, it is 
unroofed and the emulsion dressing applied. 

We have believed it is better, no matter what type of eschar is used, that 
it be removed if necessary by surgical measures at the end of the second 
week, and thereafter if it is a second degree burn, it is treated by emulsion 
dressings. If it is a third degree burn and requires skin grafting, this is done 
after the use of saline dressings until the granulations are suitable. 

A second chart, which we are using, is to control the treatment. The 
nurses in attendance on the ward have these charts in front of them; they 
do them, themselves, and they have the basic chart to go by. One column 
indicates blood pressure, and another the pulse reading. Hemoglobin 
estimations are carried out in these cases. There are one-hour periods, and 
consequently everything is done on a systematic basis. For notations 
regarding treatment, and for purposes of laboratory examination, we use 
other indications on the chart. On the back of the chart an estimate of the 
burns is given. 

The emulsion which we have been using at Montreal General Hospital 
is an oil and water emulsion with some micrecrystals. The technic we are 
employing is as follows: We clean the wound under anesthesia, preferably, 
using morphine only, and lavage it with saline solution, spray on some 
powder as a frosting, and then use the emulsion in single thickness strips of 
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gauze, either ordinary hospital gauze, or better, a curtain mesh, which we 
call a sulfa mesh. These can be made beforehand or made up as you dress. 
We apply the dressings over these and use some padding. We have had no 
experience with pressure dressings but we do use plaster moulds. 

Cuar_es Lunp (Boston, Mass.): I first want to thank the society for the 
invitation that I have had to attend the meetings, and to say how much 
I have enjoyed them. I do not want to prolong this discussion too long, but 
I have had a recent experience that I think is of some interest. In trying to 
treat the class of burns that is now essentially insurable, we run into new 
problems when we use these new methods. Two weeks ago I was confronted 
by a man burned by flaming alcohol which got onto his cotton shirt and 
burned him completely front and back, from the waistline of his trousers up. 

The face and the hair were only first degree. About a tenth of that area, 
on the chest, was a third degree burn and the rest was a bad second degree 
burn, and there was also a circular second degree burn of the right thigh, 
and a small patch on the left thigh. We calculated about 70 per cent of the 
body was burned. The genitalia were not burned and the legs below the 
knees were not burned. 

Recently, a patient died in Boston where the medical examiner believed 
that compression of the chest from a circular eschar was a major contribut- 
ing part of the cause of death. I knew about that case and because I was 
impressed by some things I learned at a meeting in Cincinnati, I tried to 
use boric ointment with pressure. You cannot put on much pressure when 
you are dressing with boric ointment completely around the chest. 

The wound was cleaned, shock was treated during the cleaning, and then 
enormous dressings were put on. There was tremendous leakage of plasma 
for the first two days, and during that time, 2,000 cc., twenty units of 25 per 
cent albumin were given, diluted in 10,000 cc. of saline. That brought his 
hemoglobin, which was 128 two and a half hours after injury, down to 100. 
Following this, he was given saline, his hemoglobin sank to 80, and his 
urine output went way up to 3,000 and 4,000 cc. a day. He was given 
sulfadiazine by mouth and he remained in what looked like good condition. 

On the fifth morning he began to breath a little heavily and I did not like 
his looks. I thought he might be getting pneumonia. There was no way to 
examine him for pneumonia on account of the burn. I consulted with an 
excellent pneumonia man, and we did not do anything very active. Later 
that day a plasma protein was taken for determination, and at 9 p.M. he 
was dead. He died with definite respiratory signs the last two or three hours. 
The plasma protein came back the next day, 3.2 albumin and 1 per cent 
globulin, a total of 4.2 in a laboratory where the normal is around 7. 

That man should either have had blood plasma or whole blood during 
the last forty-eight hours of his life, and we thought because his urine 
output stayed up so well, he looked so well and his hemoglobin was so 
high, that he did not need it. 
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I think we will find that this additional test is important and must be 
repeated frequently and reported promptly. This perfectly splendid chart 
covering everything might possibly suggest that you do a little more work 
and get plasma proteins in. 

I think that is about the biggest dose of human albumin that has been 
given. That dose, incidentally, is the product of forty pints of blood. 

Freperic W. Bancrort (New York, N. Y.): I have some cases* show- 
ing a fatality which I think are worth while reviewing now: 

A child with a burn of two days’ duration came into the Lincoln Hospital 
and was débrided. In the upper end there was one little area of epithelium. 
There was edema in the subcutaneous tissues and down to the large vessels 
in the back. This shows very definitely, I think, the amount of edema that 
occurs in the subcutaneous tissues in the vicinity of a burn, and where we 
could save a lot of our plasma loss and prevent edema from occurring. 

Another case is that of a six-day burn in which infection occurred 
rapidly. At the upper end, where the burn was, nothing but a parchment 
membrane, a little dark line, appeared. That was the separation between 
the living and the dead tissue. This must be débrided and treated. 

We have also seen one of the rare cases of ideal treatment of the eschar, 
showing the eschar up above, the correct location of the sweat glands no 
infection beneath the membrane and a firm splint of the membrane. I think 
that not only is an eschar of advantage, but if we débride that eschar, we 
must handle the tissues gently in order to preserve the layer of epithelium. 

Grover C. PenBerTHY (Detroit, Mich.): I do not want to prolong this 
discussion, but the treatment of burns is a timely subject and Dr. Ravdin 
has emphasized the importance of the surgical care. Dr. Darrach reémpha- 
sized it, as have others, so I would like to speak for a moment and refer to 
the work that Dr. Johnston is doing in Detroit for the National Research 
Council. 

This morning we discussed the frostbite of the mariner. Now we may 
have the same problem to deal with in the case of the mariner burned with 
oil. A very thick engine oil had been applied to the burn. That burn with 
oil is treated with ordinary lard and an emulsion formed, and after that 
emulsion has been completed, the wound is thoroughly washed with soap 
and water and irrigated with saline or boric acid. This prepares that wound 
for the coagulant, whether you use gentian violet or tannic acid. 

Dr. Darrach said he wondered what should be done in the way of 
débridement. I think it should be the necrotic treatment, the blisters 
opened, and so forth. 

Dr. Kreuscher asked the question whether the emulsion was applied as a 
dressing and I can answer no, just a cleaner. The President referred to the 
Pearl Harbor situation. There they had many oil burns to deal with. 


* Dr. Bancroft presented illustrations of these cases. 
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E. PayNe PatMer (Phoenix, Ariz.): The first problem in the severely 
burned patient is the treatment of shock. Many of these patients can be 
saved from sudden death and moved to the hospital by the standard shock 
and burn treatment—these fifty-seven varieties we have of burn treatments 
—if they are treated for shock at the site of the accident and not moved 
until the condition is improved. Too many of these patients are moved while 
they are still in the state of severe shock, and the mere fact of turning them 
or attempting to move them may terminate life right there, or the trans- 
portation to the hospital may terminate life. 

In these various demonstrations here, you give them morphine, which is 
all right; you give them the cortical extract; but you must give something 
that is going to get the patient out of shock as quickly as possible. As I said 
this morning, and I am going back to it again, give big doses of coramine to 
get the patient out of that immediate shock, and when you get him out of 
that period, you can give the coramine intramuscularly in order to get him 
into the hospital. It is only a temporary affair, but you must have some- 
thing which you can give these patients until they get into the hospital to 
have the standard treatment which you are going to give them there. 

But do not move these patients in their state of shock until their condi- 
tion will permit them to get into the hospital, until their muscle tone is 
improved, until their venous tone has improved, and until the flow of blood 
in the veins has improved. 

Husvey R. Owen (Philadelphia, Pa.): I will not prolong the discussion 
any longer except to say that from 1937 to 1940 on our service in Phila- 
delphia General Hospital we had the opportunity of treating firemen for 
extensive burns. We tried all methods and the method we used more 
extensively than any other was the one mentioned by Dr. Wagner, the 
ambrine method or paraffin, and tannating these wounds. But I think the 
important thing we have gathered from this is to treat the patient first and 
the burn after. 

I cannot come around to using engine oil on these burns. It does not 
sound like good surgery, any more than using Carron oil, because it must be 
dirty, you have a primary wound to deal with and you will get infection if 
you use Carron oil or engine oil. I do not like the sound of that. 


THE TRANSPORTATION AND OPEN 
TREATMENT OF SEVERE FRACTURES 


Joun R. Nitsson, M.D. 
Professor of Surgery of Trauma, College of Medicine, University of Nebraska 
OMAHA, NEBRASKA 


N the first World War, we learned much about the transportation 
of patients with severe fractures. During the first two years, all 
kinds of splints were used: metallic, wood, and plaster of paris. 

Many times severe infections, hidden abscesses under plaster dress- 
ings, atrophied muscles, and gas gangrene developed which neces- 
sitated amputation. 

The proper first aid and transportation of a patient with a frac- 
ture has a marked influence on the end result. Love’s statistics of the 
World War show that more than 30 per cent of all war casualties 
admitted to the evacuation hospitals were compound fractures. The 
British, during the first two years of the war, had a mortality of 50 
per cent in compound fractures of the femur. They used principally 
the Liston wood splint. After discarding this type of splint and 
adopting the Thomas traction splint, their mortality rate dropped to 
15 per cent. 

The Allied Medical Staff adopted the Thomas, Murray-Jones, 
and Kellar-Blake splints. They were put into service and proved very 
practical and efficient. They were made of iron and were light, 
unbreakable, and hundreds of them could be placed on a truck and 
be delivered to our Field hospitals. Their application to an extremity 
was very simple. It is said that every soldier in the British Army was 
taught how to apply a Thomas splint before he was sent into the 
firing line. Our Army and Navy are using these same splints in the 
present war. 


ADVANTAGES OF TRACTION AND SUSPENSION IN TRANSPORTATION 


The advantages of traction and suspension in transportation are: 
(1) The lack of pain; (2) ease in handling and transportation; (3) 
accessibility to wounds for treatment; and (4) no damage to muscles, 
nerves, or blood vessels during transportation. 

From personal experience during the War and also since that 
time, | am convinced that these are the best first-aid and transporta- 
tion splints available at the present time. 
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Every case of fractured extremity that came to our hospital dur- 
ing the last year of the World War had a Thomas, Murray-Jones, or 
a Kellar-Blake splint applied, and in many instances the treatment 
was continued in the original splint. 


A B 
Fic. 1. Mr. A. O., age fifty-four, slipped on the ice; comminuted 
fracture of the right humerus; two gold Parham bands applied. 
The patient made an uneventful recovery. Bands still in place 


fourteen years later. 


On my service at the American Red Cross Military Hospital No. 
3 in Paris, 72 per cent of all cases were compound infected fractures, 
and all of them were treated by débridement, Dakanization, traction 
and suspension in one of the above splints. In the present war, sulfon- 
amide therapy will be used: sulfanilamide in the wound and sulfa- 
thiazole by mouth to combat infection. The first experience of this 
treatment on a large scale by our American surgeons was at Pearl 
Harbor where all compound fractures were treated by débridement, 
sulfanilamide in the wound, sulfathiazole by mouth, and the extrem- 
ity placed in a Thomas or Murray-Jones traction splint. All the 
surgical teams were impressed by the results of the sulfonamide 
therapy. Drug reactions were rare. No tetanus developed as tetanus 
toxide had been given on entrance to service. Several cases of gas 
gangrene developed in which wounds had been closed by suture 
(which was contrary to Army instructions). These patients were 
treated by débridement, sulfonamide therapy, and x-ray. No 
amputations were necessary. Dr. Moorhead, who was in charge of 
one of the surgical teams, says, “‘The splendid results obtained at 
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Pearl Harbor depended on (1) Early treatment within 6 hours; (2) 
team work; (3) available Plasma for shock treatment; (4) débride- 
ment—no suturing of wounds; (5) sulfonamide therapy.” 


A Cc 
Fic. 2. Fracture at the junction of the middle and lower third of the femur. Tongs 
were applied, then two Lane plates. 


B 

Fic. 3. A, fracture of the upper third of the 

femur of a child four and one-half years old. 
Parham band applied; B, four years later. 


The open reduction of severe fractures is now more generally used 
than the closed method. This is evident to anyone attending the 
larger clinics. The reasons for the increase are: (1) We are treating 
more severe fractures than we did twenty-five years ago. (2) Every 
severe fracture is a potential liability to the surgeon in charge. (3) 
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With the sulfonamide therapy, i.e., sulfanilamide in the wound and 
sulfathiazole by mouth to combat infection together with the 
improved instruments, plates, screws, and technic our results are 
better. 


A B 
Fic. 4. E. B. B., age thirty-five years, fell a distance 
of forty feet from a bridge on May 16, 1926; 
causing an oblique fracture of the upper third of 
left femur. Open reduction—Parham band applied. 
leg in Hodgin’s splint; uneventful recovery. Band 
still in place sixteen years later. 


It is interesting to review some of the older textbooks on the 
treatment of fractures which bring out this gradual change from the 
closed to the open method. Scudder’s Sixth Edition, published in 
1907, mentions only three cases treated by the open method; one a 
fracture of the olecranon, another a fractured patella, and the third a 
fracture of the surgical neck of the humerus. A silver wire was used 
in all of these cases and no mention or illustration of a Parham band 
or a Lane plate is found in this edition. In his Eleventh Edition there 
is page after page on open reductions and illustrations of the Parham 
band, plates of various kinds, screws, pins, etc. 

My first ten years of practice were spent in a mining district. At 
that time we treated all of our patients with severe fractures by the 
closed method, using either molded plaster splints or plaster casts. 

During the World War we treated our patients with severe frac- 
tures in traction splints. Shortly after my return from war service, 
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Fic. 5. J. K., age twenty-five, fell from the top of a box car on October 
20, 1936, causing comminuted fracture of the distal end of the tibia 
and fibula of the right leg with forward dislocation of tibial frag- 
ment on astragalus and a linear fracture distal end of left tibia 
with no displacement. Open reduction right leg using Lane plate 
and aluminum bronze wire. Discharged from hospital December 
23, 1936. Plate and wire were removed. 
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I became associated with Dr. A. F. Jonas, then Chief Surgeon of the 
Union Pacific Railroad, who taught that a good anatomical result 
was necessary in order to obtain a good functional result. We all 
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Fic. 6. Mr. O. K., age fifty-nine, July 26, 1942, compound com- 
minuted fractures of tibia and fibula of right leg, junction of upper 
and middle third. Open reduction July 28. Stainless steel plate 
with screws through both cortices (as advocated by Dr. Clay 
Murray). A Thomas splint with traction was applied. August 15, 
the wound was healed, and the leg was placed in a plaster cast 
extending from toes to mid-thigh, with incorporated walking iron. 
He was dismissed from the hospital August 16, walking with 
crutches. 


know that the two main objectives in treating any fracture are to 
prevent deformity and to restore normal function. Dr. Jonas did 
many open reductions using Parham bands, Lane and Sherman 
plates, and aluminum bronze wire. 

A few years ago the British Medical Association appointed a 
committee to investigate relative results in fractures, open and 
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closed methods. Their conclusions were as follows: (1) Nonoperative 
in children go0.5 per cent good functional results, operative in children 
93.6 per cent; (2) progressive depreciation of functional results from 
nonoperative as age advances; (3) operative tre:tments give higher 
percentage of good results at all ages; (4) the best way to get a good 
functional result is to secure a good anatomic result; (5) a method 
that does not definitely promise a good anatomic result should not be 
chosen; (6) for best results operate early, not after failure of non- 
Operative treatment; (7) operative treatment requires skill and 
expense; (8) the mortality rate is practically nil. 

In industrial work such as I was engaged in, it is absolutely 
essential that our reductions are as nearly perfect anatomically as 
possible; because if there is any liability in connection with an injury 
and an unscrupulous lawyer would show an x-ray film in which the 
fragments of a fracture were not in perfect alignment, it would make 
a most damaging Exhibit a against us. 

At the January, 1941, meeting of the Committee on Fractures 
and Other Trauma of the American College of Surgeons at New 
Orleans, the open reduction of fractures was discussed by Dr. 
Murray, of New York, Dr. Venable, of San Antonio, Dr. Berg, of 
Pittsburgh, Dr. Morrison, of Boston, and Dr. Speed, of Chicago. They 
expressed their views in regard to the most satisfactory metallic 
plates and screws to be used in these open reductions. Dr. Venable 
reported the results of his research work showing the influence of the 
tissue fluids on the various metallic plates used at the present time, 
which were as follows: (1) The microammeter shows that Vanadium 
steel produces 200 milliamperes; (2) stainless steel produce 50 to 100 
milliamperes; (3) stainless steel passified by HNO; produces 10 to 20 
milliamperes; and (4) vitalltum produces 1 to 2 milliamperes 
momentarily then o. 

The amount of electrolytic disintegration of metals and con- 
sequent erosion of bone seem to be related to the current flow 
recorded by the microammeter. A metal that will produce many 
milliamperes will produce much erosion of bone and the metal itself 
will disintegrate. A positive proof of electrolytic action in the body is 
the ability to recover constituent metals of an alloy from the tissues 
adjacent to it. 

Dr. T. A. Carnes, of the Republic Steel Corporation, has shown 
by x-rays that vitallium plates and screws, which are made of cast 
metal, contain air bubbles and are more easily broken because of 
these defects. The Republic Steel Corporation in their research 
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laboratories are working on different combinations of elements for 
plates which promise to be more ideal for fracture work than any 
plates on the market at the present time. All metallic plates, now 
available, show some electrolytic action between the plates and the 
body fluids, some to a greater extent than others. 

The Sherman Vanadium steel plates, according to some authori- 
ties, corrode; sinuses form and the plates have to be removed. I 
understand, however, that molybdenum has been added to the 
metallic constituents of the Sherman plates and a new stainless steel 
plate is the result which is subject to very little, if any, corrosion by 
the body fluids. 

During the past twenty-five years, I have used all kinds of metal- 
lic plates, screws, Parham gold bands, and silver and aluminum 
bronze wire in my fracture work, and the only cases in which I have 
had to remove the plates were in those in which sinuses had formed. 
These sinuses | attributed to low grade infection, loose screws, or 
improper fixation. Since the report made by Dr. Venable on the 
electrolytic action of the body fluids on the plates and screws, 
I believe that perhaps the occasional necessity of removal of a plate 
may have been due to this cause. Very few removals, however, have 
shown any evidence of corrosion. 

Dr. Berg in his twenty-nine years of experience with the Sherman 
plates, states that he believes it is the technic of application of the 
plate rather than the kind of plate used. 

In conclusion, I will state that in severe fractures we will have 
fewer permanent deformities, better functional results, and the 
period of disability will be shorter when an open reduction has been 
performed. The success of the internal fixation of fractures will 
depend upon: (1) The careful preoperative preparation of the 
patient, i.e., the field to be operated upon should be cleaned and 
tincture of merthiolate applied twenty-four to forty-eight hours 
before the operation. (2) Preoperative preparation of splints, open 
plaster casts, molded plaster splints, or splints such as Thomas, 
Kellar-Blake, or Murray-Jones should be available where traction 
or suspension is to be used. (3) Spinal anesthesia is the anesthetic of 
choice in fractures of the lower extremities. (4) Rigid fixation Is 
secured by the use of a chromium nickel steel plate with screws 
extending through both cortices. (5) The end result will depend upon 
the experience, intelligence, and good judgment of the surgeon in 


charge. 


> 


TREATMENT OF MINOR CASUALTIES 


WILLIAM DarRRACH, M.D. 


Diplomate of the American Board of Surgery; Professor of Clinical Surgery, College of 
Physicians and Surgeons, Columbia University 


NEW YORK, NEW YORK 


ANY interesting laboratory studies and clinical experi- 
ments are being carried out as to the best method of 
treatment of burns, compound fractures and shock. The 

reports from Spain, England, Germany and Pearl Harbor show that 
distinct advances have been made since the last war in the handling 
of major casualties. To those of us who remember our sad efforts to 
combat shock in the last war it is a great joy to know that there are 
already available to the armed forces 150,000 packages of dried 
plasma with the means of administering it under the crudest condi- 
tions. This number before long will reach 600,000. The effects of the 
sulfa drugs on the outcome of abdominal wounds and compound 
fractures is another source of encouragement. 

We hear little, however, about the handling of a group of casual- 
ties which for two reasons should receive more attention. I refer 
to the so-called “lightly wounded” or “‘minor casualties.” They 
deserve more thought because they not only comprise the majority 
of all injuries but they are the only ones who have much chance of 
getting back into service. The figures of the last war show that 53 per 
cent of the casualties were soft part wounds of the extremities 
without fracture or injury to the large vessels or nerves. Added to 
these were many similar wounds of the head, chest, back and 
buttocks. From the standpoint of numbers they deserve primary 
consideration. 

Of all the penetrating wound of the head, chest, abdomen, spinal 
cord and of the compound fractures, the number who ever returned 
to active duty is very, very small. If one of the main duties of the 
Medical Corps is to maintain the strength of the fighting forces, it 
seems rather silly to focus attention on the group who are per- 
manently out of the picture. 

Though we may differ on some details of wound treatment, we 
will all agree that the time between the trauma and the operative 
treatment is one of the most important factors in determining the 
period of disability and the successful result. This holds true of 
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the minor wounds as well as the major ones. Yet we have all seen 
long queues of lightly wounded, waiting and then passed farther and 
farther back while the operating rooms were filled with patients with 
serious wounds of the chests, abdomens and compound fractures and 
a valiant but usually unsuccessful attempt made to restore them to 
duty. 

We all accept the wisdom of débridement for compound fractures 
and penetrating wounds of the thorax and abdomen and yet forget 
that it originally was proved of value on minor wounds. If a small 
superficial wound be débrided early and sutured, the disability 
period may be measured in days. If it is neglected until infection is 
well established, the victim may be incapacitated for months; yet 
these patients rarely get anything but a dab of iodine and a change of 
dressing during their long period of travel. 

If the problem were faced in cold blood and courageously, the 
methods would be exactly reversed. These lightly wounded should 
have the right of way and the time and attention of the best surgeons 
at the first operating station they reached. After they had been 
attended to, the serious cases should have their chance. However, 
the numerical strength of the fighting forces is not the only responsi- 
bility of the Medical Corps. Morale must also be maintained. If the 
soldiers learned that the seriously wounded were being put to one 
side, if the people at home learned that their boys were being 
neglected, there would be trouble brewing. My plea is not that such 
a complete reversal be made, but that plans should be made in each 
advanced hospital for the prompt surgical care of both types. 

The handling of the minor casualties differs in several ways from 
that of the major cases. In the first place they rarely need preliminary 
shock treatment. Secondly, the operative procedure is much simpler. 
In both groups the stay in the operating room may be divided into 
three periods: (1) the preparation, (2) the operation itself and (3) the 
application of dressings, including splints. In the major cases, the 
second or operative period occupies a majority of the total time, 
perhaps 70 per cent. In the minor cases this middle or operative 
period may be no longer than the other two. Experience in the last 
war seemed to show that operating teams handling the major cases 
would do well if they averaged one case an hour. With proper 
organization It was demonstrated in several places that one operating 
surgeon could handle six to eight minor cases an hour. In most 
operating hospitals the usual practice was to have one table for each 
team and all three stages were done by the operator and his assist- 
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ants. Sometimes, by using two tables, with an extra Corps man, the 
first and third periods of preparation and splintage could be made to 
overlap the actual operating. In a few places by assigning extra 
assistants and three tables to one operator, the minor cases were put 
through at a much more rapid rate. If intravenous anesthesia were 
used, it would be possible to have the preliminary work done by a 
well trained Corps man or nurse. The same holds true of the third 
period or application of dressings. That is, the Ford assembly line 
principle is applied to this group. If inhalation anesthesia is neces- 
sary, a second anesthetist would be required. 

The after treatment of the minor cases requires far less nursing 
and a considerable proportion of them would become ambulatory 
within a few hours or days. This would mean adapting ward service 
and arrangements to the different groups. Different plans for the 
convalescent period should be made according to the conditions 
under which the total hospitalization scheme is working. My under- 
standing of the present Army plan is to have a surgical hospital 
assigned as far forward as possible for the so-called ‘“‘non-transport- 
able” cases. This would fulfill at least some of the humanitarian 
duties of the Medical Corps. The problem of restoring men to active 
duty will fall largely on the shoulders of the evacuation hospitals. 
It is hoped that in these units plans will be made to divert the stream 
into two separate channels to be handled as described above. Under 
certain conditions it might be wise to have a separate hospital 
assigned to each type. 

This principle of giving the lightly wounded an even break can be 
applied in our home defense plans as well as to the problems of the 
armed forces. No one can foretell how much of what has happened in 
England will be repeated here, but plans to meet catastrophes are 
being made in most of the larger centers. Arrangements have been 
made in most hospitals for meeting a sudden demand for handling 
considerable numbers of injured people. These injuries may be from 
bombs, explosions, train wrecks or other causes. It is hoped, as plans 
to meet these emergencies are made, it will be provided that these 
lightly wounded will receive the same prompt, early operative treat- 
ment as the more serious cases. Most of the minor casualties can be 
handled on stretchers and do not need the more elaborate set-up 
of the formal operating room. It would seem wise to have separate 
teams assigned for the two types of work. 

In meeting this problem either at the front or at home one of the 
most important considerations is the proper primary sorting of cases. 
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One of the most experienced men on the surgical staff should be 
stationed at the receiving center in order that he may decide to 
which group each case should be sent. The lightly wounded could be 
sent directly to the operating group appointed for this purpose. The 
more severely wounded, divided into three groups, would be sent 
either (1) directly to the shock wards, (2) directly to the major operat- 
ing room, or (3) be made comfortable during their brief period of 
stay. 


SUMMARY 


Much attention is being paid to the handling of burns, compound 
fractures and shock and the use of the sulfa drugs for war casualties. 
We hear little, however, as to the treatment of the lightly wounded 
which not only comprise the majority of traumatic conditions in 
wartime but are the best possibilities for early, complete return to 
duty. 

The time between injury and operative treatment of wounds 
largely determines the period of disability. One duty of the Medical 
Corps is to maintain the numerical strength of the fighting forces. 
Although very few of the seriously wounded ever get back to duty, 
they not only have received priority in treatment but have occupied 
most of the attention of surgical teams. Minor casualties should get 
at least an even break. With proper operating room organization, six 
to eight minor cases an hour can be handled as compared to one 
major case an hour. After-care and convalescence can be provided 
on a much simpler scale than for the seriously wounded. Plans to 
handle minor injuries should be made in hospitals at home if any 
catastrophe causes a sudden rush of injured people. 


DISCUSSION 


H. Gurtu Pretry (Montreal, Canada): I hardly think that Dr. 
Darrach’s paper requires discussion. The author has pretty well completed 
the arguments pro and con. It is interesting and important and to the 
point. 

One important feature is that he refers not only to the armed forces, 
with regard to the lightly wounded, but also to the civilian or munition 
forces in connection with the lightly wounded, and I think that point 
should be stressed. Most of us are inclined to let some first-aid person or 
nurse segregate the cases coming to the hospital, and the result is that 
the moderately lightly wounded or slightly injured munitions’ workers 
are relegated to the out-patient department where a junior house officer 
does the work, with the result that at some later time they are admitted 


DARRACH—MINOR CASUALTIES 353 


to the ward with some form of infection, cellulitis or otherwise, which 
considerably incapacitates them and keeps them from returning to duty. 

The other point that Dr. Darrach stresses is very important, and that 
is the question of two front-line surgical centers, one for the severely 
wounded and one for the lightly wounded, which is equally important, and 
again stressing the importance of the supervision of a trained surgeon 
for the segregation and operation upon these patients. 

I can well recall the latter station. I was a medical sergeant and any- 
thing less severe than a compound fracture seemed to be left entirely in 
my hands. I had no medical knowledge and I dispensed as I saw fit, and 
I certainly realized that many of the men must have been incapacitated 
by my over or underindulgence in treatment. 

Just a word on the lightly wounded from the point of view of more or 
less civilian and munition accidents. There is one point which I would like 
to stress, and that is, in the last three months, I have run into three more 
or less lightly wounded individuals. One was an Air Force mechanic who, 
on coming home for the week-end, cut the flexor longus to his thumb, not 
with a beer bottle but with a ginger ale bottle. This made me particularly 
disgusted because we are not allowed to touch any of the armed forces, 
although they are in Canada, and they are supposed to report to the Air 
Force personnel. This happened at midnight. He was not able to get in 
touch with any of his Air Force personnel and he finally came to me at the 
hospital where we repaired the tendon, kept him for a day or so, and the 
Air Force immediately took him in hand and reprimanded me for attempt- 
ing to suture the flexor longus tendon. 

The next was a munition’s worker who works in a shell-filling plant, 
putting fulminated mercury in percussion caps. On one occasion some of 
these caps exploded and he was literally peppered with little particles of 
brass turnings and filings and bits of bronze. He was treated lightly at the 
plant, merely by dressings, only to find out that about three weeks later 
he was suffering from copper poisoning. 

The third was a ballistics engineer who learned ballistics from his own 
point of view. During the trial of a Maxim gun, somebody pointed the gun 
in the wrong direction. The bullet went through two oak partitions of the 
office and finally struck this unfortunate individual just above the antero- 
superior spine on the right side and tore into the Join making an area 
about three to four inches in diameter. The interesting thing about that 
is that he learned ballistics from his own point of view, and the other thing 
was that they were keen enough then to see that immediate surgical pro- 
cedure was carried out and they did not attempt anything further. 

I think the point made here by Dr. Darrach is the strict surgical appre- 
ciation of these minor wounds, both in the armed forces and the civilian 


worker. 
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RUPTURE OF THE DIAPHRAGM DURING 
A POWER DIVE* 


DESCRIPTION OF A NEW METHOD OF REPAIR AND CASE REPORT 


Fraser B. Gurb, M.D., C.M. 
MONTREAL, CANADA 


E have all heard of the period of ‘“‘blackout”’ suffered by 

members of the crew during power or dive bombing and 

rumors, at least, of the methods adopted for its control 
have been current. Recently, I have had under my care an aviator 
who presented a lesion due to power diving which, to my knowledge, 
is new. If rupture of the diaphragm occur at all frequently, and 
particularly if the pilot of the machine be the victim, a possible 
added explanation of crashes under these circumstances may have 
been discovered. 


On August 12, 1941, I first saw A. K., thirty-nine years of age, who 
had a few days before come to Canada as an Air Force member of the 
Czechoslovak Military Mission. His history showed that prior to 1938 
he had been a member of the Czechoslovak Civil Air Force and had been 
examined and re-examined medically while in this service. In 1938, he 
joined the Military Air Force and was again re-examined. Following the 
invasion of Poland he escaped from Czechoslovakia and after incredible 
hardships was successful in reaching England. He was again re-examined 
before becoming active in the Czechoslovak Squadron attached to the 
R.A.F. 

He took part in the Battle of Britain and in mid October, 1940, while 
a gunner on a plane over Brussels and while taking part in a power dive, 
he suffered a sudden onset of pain in the chest, nausea, shortness of breath, 
and a shock reaction as indicated by cold perspiration and a sensation of 
extreme weakness. He apparently did not lose consciousness. He was 
admitted to a Naval hospital in the south of England where a diagnosis of 
ruptured diaphragm was made. The urgency of his symptoms subsided 
and he was informed that, although operative interference was required, 
the surgeons in England, because of air-raid conditions, were unwilling to 
undertake fancy surgery. 

He remained inactive until about mid summer, 1941, when he flew to 
Canada in a bomber. During the trip he again suffered from acute symp- 
toms of pressure in the thorax and upon his arrival in Montreal was 
referred to me for treatment. 

* From the Montreal General Hospital, McGill University. 
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He looked ill, and stated that he had lost about twenty pounds in 
weight in the interval since October, 1940, that he had attacks of 
faintness and suffered from a loss of appetite with nausea but apparently 
no vomiting. 


Fic. 1. Flat plate shows Fic. 2. Barium filled stom- 
hernial sac above the ach. The organ lies high in 
heart shadow. the thorax and demon- 


strates a typical “upside- 


down”’ appearance. 


He carried with him a flat plate of the thorax which showed the pres- 
ence of a hernia occupying the greater part of the left chest reaching well 
above the arch of the aorta. Examination of the chest showed parts to be 
tympanitic, other parts to be dull; there was an absence of breath sounds 
over the left side of the chest except for a smallish area behind and above. 
(Fig. 1.) 

He was admitted to The Montreal General Hospital where further x-ray 
examination, following barium administration, proved the stomach to be 
located well above the arch of the aorta and proved, also, that the splenic 
flexure was close to the top of the chest. (Figs. 2 and 3.) 

Operation was recommended and eagerly accepted. It was carried out 
August 17th. Thoracotomy was accomplished through the bed of the 
seventh rib which was removed from the transverse process to its anterior 
end. The sixth and eighth ribs were cut so that adequate exposure within 
the chest was easily obtained. Under the posterior part of the opening a 
thin layer of completely atelectatic lung was discovered. Under the anterior 
two-thirds or more of the incision I came directly into an enormous sac. In 
the cavity, which gave the impression of being about the size of the oper- 
ator’s head, was situated the whole of the stomach, practically the whole 
of the transverse colon to which was attached the great omentum, the 
splenic flexure and much of the descending colon. Numerous coils of small 
intestine were present as were the spleen and the left lobe of the liver. 
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All of these structures were easily pushed down into the abdomen 
through the very large hiatus except the stomach which was adherent to 
the upper and posterior part of the sac over an area about the size of the 
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Fic. 3. Barium filled splenic flexure is Fic. 4. Diagram drawn at operation 
shown lying close to level of the illustrates the size of the opening in 
clavicle. diaphragm and the method adopted 


to fill the defect. 


operator’s hand. I must admit that while engaged in the somewhat trying 
problem of separating the stomach from the upper part of the sac I felt 
rather embarrassed since it did not seem possible that I should be able to 
close the enormous opening between the abdomen and the thorax. 

Once the abdominal viscera had been replaced in the abdomen I was 
left with what I estimated to be about one-quarter of the diaphragm in 
position in the posterolateral corner and with an opening roughly circular 
in shape about 20 to 25 cm. in diameter. 

If it were not possible to close this opening, the patient’s life would 
have been jeoparized without profit. I decided, therefore, to separate the 
parietal pleura from the endofascial layer over the anterior aspect of the 
chest. Incisions were carried vertically up through the parietal pleura to 
close to the dome of the thorax and joined by a transverse incision. The flap 
thus outlined was comparatively easily separated from the underlying fascia 
and periosteum and was found to have considerably more stability than I 
had expected. It was evidently composed, I believe, not only of parietal 
pleura but, in part at least, of peritoneum and in all probability of shreds 
of diaphragm. This adequate flap was turned down and sutured into 
position to the remnants of the diaphragm and somewhat carefully about 
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the esophagus and aorta. For this purpose interrupted black silk sutures 


were employed. 
At the completion of the operation the inside of the chest looked ship- 


shape although the lung showed no tendency to come down and fill the 


cavity. (Fig. 4.) Although absolutely no movement of the slip of diaphragm 
present was exhibited, the phrenic nerve was crushed as it lay on the 
pericardium. 

The wound of the chest wall was closed with interrupted fine black silk 
sutures with silkworm gut sutures and clips to the skin. Four heavy catgut 
sutures were employed to approximate the sixth and eighth ribs. 

Following operation the patient’s condition remained very satisfactory 
although he developed a localized area of atelectasis, probably in the middle 
lobe, on the contralateral side. (Fig. 5.) He was kept in an oxygen tent for 
two days and thereafter rapidly improved in his general condition. Aspira- 
tion of the left side of the chest on the second day resulted in the recovery 
of 400 cc. of slightly blood-stained fluid. He was out of bed on his tenth day 
and discharged from the hospital on September 11th. (Fig. 6.) 

He was examined May 8, 1942. At this time he had put on forty-nine 
pounds weight since operation. He exhibits no digestive disturbance what- 
ever and does not suffer from shortness of breath upon exertion. He returned 
to duty with the Czechoslovak Air Force Training Center in Canada on 
October 15, 1941. His only complaint is that he has been “grounded.” 
Although I have advised against battle aviation, I am certain that he will 
demand that he be permitted to fly with such insistence that his superior 
officers will give in. Examination of the chest showed absolutely no lag on 
the operated side and normal breath sounds are heard throughout. X-ray 
examination of the chest showed no abnormality. (Fig. 7.) There is no 
disfigurement of the torso and no disability. (Fig. 8.) 


# 
Fic. 8. Photographs of patient eight months after operation. 
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SUMMARY 


A case is reported of a middle-aged aviator who during a power 
dive ruptured the left diaphragm. Complete destruction of at least 
three-fourths of the organ occurred. Massive herniation of abdominal 
contents into the thorax took place. 

Reconstruction of the missing diaphragm was accomplished by a 
method which I believe to be original. For this purpose an enormous 
pedicled flap consisting of parietal pleura was employed. 


DISCUSSION 


WixuiaM J. BrickLey (Boston, Mass.): I am privileged to be invited to 
discuss this case. This was a difficult job well done, and with a good result. 

I am a medical examiner. I have been for twenty-two years. My 
patients give me no history, and mostly my work is by deduction. They 
cannot tell me, so that I have to deduce a great deal. However, I have been 
a surgeon. I have examined 90,000 of the living and I have only taken care 
of 10,000 of the dead so far. I do autopsies and I deal with the big hospitals. 
I love surgery, I love medicine, and I talk with the fellows that do it. Dr. 
Gurd’s was a good job. That is the first thing I would say. 

Next, I am going to discuss the surgery of it. I am going to tell you a 
little bit about hernia, its diaphragmatic formation. I have talked many 
times to my own group about it. Hernia is produced, as I see it, by a weak- 
ness and then a force. Almost never do I see a hernia produced by a force 
in an uninjured or a congenitally strong belly wall. I recall the case of a 
man who jumped off our Customs House, came down 400 feet, landed on 
concrete; all his bones were broken. He was broken the way you throw an 
orange against the wall. He had no hernia; his liver was ruptured; all his 
bones were fractured. 

I remember an aviator who came down 500 feet and hit the ground. 
They do have diaphragm ruptures, and have them very frequently, and 
I see them I would say two or three in every hundred autopsies that I do. 
They are not unusual. 

The place that the diaphragm ruptures is the left side, either anterior 
or posterior, and there is a mechanical reason for it. I see the diaphragm so 
often it is before me as I think of it. At eleven o’clock I was poking my 
finger through the esophageal opening of a man who had died, so that | 
would know what I was talking about. 

The diaphragm is higher on the left side than on the right side. The 
left side comes up to the sixth rib, and the other side, the right, comes 
down to the fourth. The diaphragm on the right side is a little heavier than 
the diaphragm on the left side. The diaphragm on the left side has a larger 
plaque. It is a central tandem. You remember there is a right and a left 
and a central, that is the clover-leaf type. The crust on the left side is not 
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as good as the crust on the right side. The crust on the left comes down to 
the sixth lumbar. The crust on the right comes down to the first, second and 
third lumbar. 

There are three holes in the diaphragm. I am speaking mechanically 
and perhaps I can speak figuratively. The one on the right is the vena cava. 
The vena cava of the ordinary person is about the size of a broomstick. 
It would be about an inch or an inch and a quarter in diameter. When 
there is internal pressure, it is exerted by the liver. The liver is soft and 
squashes up against the diaphragm and tends to shut off the inferior vena 
cava. You know when they operate upon the gallbladder, they pull it up, 
and I wondered why they did. I know. It is because the upper part of the 
inferior vena cava goes through a deep groove. 

On the left side we have the esophageal opening which is near the spine. 
The level that is shown in a diagram is a higher level than is shown in the 
diaphragm. Quite often that is so, because the esophagus comes down the 
center as far as the fourth, and then it begins to go off toward the left, and 
along about the eighth to the tenth, it begins to leave and go forward and 
to the left go through a hole in the diaphragm. 

The lower end of the esophagus has a sphincter and it is a sort of cuff-like 
sphincter. There are three of them, top, middle and lower, but the lower not 
only shuts it this way but it puckers it up against the hole in the diaphragm 
so that it forms a plug, just the way we would repair a hernia and we would 
pull something in to plug it. Within the chest you have a negative pressure, 
within the abdomen you have a positive pressure, so if the hole through the 
diaphragm at the esophageal opening is large enough, you will tend to come 
out, first by suction from above and next by pressure from below. 

The esophageal opening would admit my finger, but it has to be big 
enough to have a bolus go through it. Of course, it will always vary, but it 
goes through at a double angle, through a curved surface and from front to 
back, going outward and downward. Now it goes through the muscular part 
in the back of the diaphragm, near the central raphe, but that central 
raphe on the left is fortified by the pericardium, and hence it is hard to tear 
that. It is a good central raphe so that you will not get a tear at or around 
the pericardium unless a person is shot. You will not get it by stresses or 
strains because it is heavy, but you will get a tear of the muscles on the left 
side, the muscular part of the diaphragm along the left border, either where 
it is attached or at its curvature. 

The liver is one of the most variable organs we have in shape, size and 
contour. Sometimes the right lobe of the liver would point up steeply. It 
would be like the top of a derby hat, and the left lobe of the liver would be 
like a brim; it would be an inch or two, only, and you may or may not have 
a left lateral ligament. You have five: right, left, central, coronary and 
falciform to hold it in place. The right ligament is always good, and the 
coronary is always good. The left one, however, may be absent. The left 
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lobe of the liver would be as thin, sometimes, as my finger, and the other 
part of the liver would be a dome that would run up high, the whole liver 
being completely within the right chest. 

Further, in order that the esophagus may pass down through the 
diaphragm, the left lobe has to be anterior. On the right it will not come 
down. That forms a weak place so that with any intra-abdominal pressure 
the epicardium on the right is safeguarded; on the left, no. It is out of the 
way. It is either small or is in advance of the hole. 

The esophagus itself has a cuff-like lower sphincter and that varies very, 
very greatly, and the stomach is not as the pictures are drawn. That is, you 
have not a big cardia with a large end in it. That only occurs after death or 
when you have a lot of gas. In many stomachs that we see, the esophagus 
comes down and there is only a little cone until it is distended. I can always 
drag the end of the stomach or the part of the stomach adjacent to the 
esophagus into the chest cavity. You do it easily. That hole is like a button- 
hole, and it is so that when the diphragm pulls, it is shut off. You cannot 
swallow and breathe at the same time. That is the reason, because your 
diaphragm shuts it and it will not go through when you pull it down wrong, 
but if you pull it by inadvertence or accident or otherwise, the esophagus 
gets above the diaphragm—that is if there is slack enough to do it—and you 
are in trouble for the esophagus itself is thicker, much thicker than the 
adjacent part of the stomach, though the esophagus spreads out in the wall 
of the stomach in a trumpet shape and it is thickened there. If you 
pull it past that thickening, it stays there, so that often, in doing an autopsy, 
we find the cone of the stomach has come up into the thoracic cavity, 
maybe an inch or two or three inches. 

Now given that condition, intra-abdominal pressure will tend to make it 
worse. The peritoneum does not stretch much but it stretches a little. It 
will not stretch as big as your head. When you are sewing up a fat wall of 
belly and you are pulling the peritoneum over and you take a stitch, it will 
tear out if you put too much tension on it. In the hernias we see, they are 
formed with the peritoneum; they are formed little by little with the 
gradual stretching, and then, as many of us know, you can have a stretch 
as big as your head. It will hold an ovarian tumor. We see it in the ventral 
tumors as big as your head. Therefore, my deduction in the matter is that 
there is first a weak place, and then a forcing out. It is little by little on top 
of a small defect. 

What are you going to do about it? I would suggest to those who see 
aviators with that condition, which has been determined either by x-ray or 
otherwise, that they think twice about it. They should compress his 
abdomen to see whether, under such compression, he might go up; for when 
he comes down or decelerates, as they call it, that is, comes to the low part 
of his flight and increases his abdominal pressure, something is likely to 
project above the diaphragm. You will never project it there because you 
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have an adequate negative pressure, but you always have a positive pres- 
sure pushing it up, so I would suggest that it might be wise to have such a 
man examined. 

I know that I find many of them. About 2 or 3 per cent of those that I 
see have some sort of cone-shaped projection, and I am only speaking from 
2,800 autopsies, so there is something to it. 

The manner of it, I will not take up; that is, the force necessary to 
develop it, but as a mechanical proposition the left side of your diaphragm 
is not as good as your right side, and in case of pain on the left after an 
event of this sort, I think it would be wise to think of hernia of the 
diaphragm. 

Fraser B. Gurp (closing): I might just say that you will all have 
recognized that I resisted the temptation to have diagrams drawn with 
arrows pointing in different directions to show how this rupture took place. 
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ANESTHESIA FOR THE SURGERY OF 
TRAUMA 


SIDNEY CusHING WIGGIN, M.D. 


Diplomate of the American Board of Anesthesiology; Chief Anesthetist, Boston City 
Hospital; Director of Anesthesia, The Faulkner Hospital; Instructor in Anesthesia, 
Harvard Medical School 


BOSTON, MASSACHUSETTS 


AD we discussed anesthesia for the surgery of trauma 
five years ago, we would have considered the increasing 
number of traffic, industrial and home accidents. Today, 

however, we must in addition to these, concern ourselves with the 
casualties associated with the world wide conflict in which our 
country is now involved. In this regard, we find our problems quite 
different from those of the first world war in that civilians as well as 
our armed forces are subject to attack. 

We are confronted with a problem quite different from the last 
war, namely, that of civilian casualties, besides the wounded soldiers. 
Developments in anesthesia during the past ten years have con- 
tributed much to the improved care of civilian casualties in peace 
time. First the physician anesthetist has trained himself, not only in 
the improved anesthesia technic, but in the evaluation and treat- 
ment of the patient’s general condition and in this way is able to 
relieve the surgeon of much responsibility. For instance, of great 
importance is the consideration of shock in these patients who have 
been subjected to loss of blood, trauma to the nervous system and 
tissue damage. This is treated with plasma, venoclysis, or transfusion 
before any anesthesia or surgery is considered. The tissues of the 
patient, who has recently been in shock, have already suffered impair- 
ment of function from anoxia. It is highly important that the 
anesthetist keep this in mind and furnish the highest possible concen- 
tration of oxygen during the operation. Preliminary preparation 
alleviates the fear of the anesthetic and operation, thus reducing the 
metabolic processes so that the anesthetic when given is made more 
efficient and safe. The drugs used for premedication are morphia and 
atropine for ether, pentobarbital sodium with atropineor scopolamine, 
for the gas mixtures and spinal. This reduces the incidence of difficult 
induction, irregular course of anesthesia and has provided better 
relaxation and postoperative recovery. 
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Today we have a wide choice of anesthetic agents and their 
combinations, while not many years ago we were limited to ether 
for routine use. After much trial and error the choice of drugs and 
methods has become well established. This has been brought about 
by the recognition that efficient anesthesia demands a balancing of 
drugs, anesthetic agents and oxygen. Carbon dioxide absorption, 
brought forward by Waters in 1926, has revolutionized the admin- 
istration of gases. In 1929, spinal anesthesia was re-established on a 
more scientific basis; as a result we may now secure relaxation with 
safety in the most difficult abdominal procedures and operations 
upon the lower extremities. In 1930, avertin was introduced as a 
rectal anesthetic. Since 1934, the rapid acting intravenous barbi- 
turates, evipal sodium and pentothal sodium have been developed 
as general anesthetics for short operations. Since the re-advent of 
spinal anesthesia physician anesthetists have utilized combinations 
of all these various anesthetics with oxygen. 

Regional and intratracheal anesthesia have been perfected in the 
last ten years to a high degree. They find their greatest usefulness 
in the acute surgical emergencies in the poor risk patients, and in 
injuries of the head, chest and abdomen. 

These are the actual choices of anesthetics for the civilian casu- 
alty in peace time: First, intracranial injuries: If the patient is in 
poor condition, regional anesthesia is used supplemented with a 
214 per cent solution of pentothal sodium intravenously with 
oxygen. In better risk patients, intratracheal ether and oxygen are 
employed. Second, in injuries involving the respiratory tract and 
oral cavity, including chest injuries and upper extremity surgery, 
intratracheal cyclopropane is used with carbon dioxide absorption. 
In poor risk cases, regional anesthesia and oxygen is employed. For 
abdominal and lower extremity operations, in good risk patients, 
spinal anesthesia is the anesthetic of choice. In border-line risk pa- 
tients, balanced spinal anesthesia is preferred. By balanced spinal 
anesthesia is meant a combination of well chosen premedicating 
drugs followed by a minimum dose of spinal agents supplemented 
by a low concentration of cyclopropane with oxygen. This com- 
bination preserves, as nearly as possible, the normal physiological 
reactions of the patient and eliminates the danger of large doses of 
spinal agents. In the bad risk patient, when spinal anesthesia is 
contraindicated, small doses of premedicating drugs followed by gas- 
oxygen with or without regional anesthesia are used. This prevents 
further depression of the patient’s vital functions. 
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We now come to consideration of the civilian casualties in war. 
In general, they are treated in the same manner as the civilian 
casualty in peace time. However, when catastrophes of any mag- 
nitude occur, it is necessary to handle large groups of casualties with 
limited personnel and equipment. This requires preliminary organi- 
zation well in advance of the anticipated event. Morphia and barbi- 
turates will be given at first aid stations. Cases of gas poisoning 
with irritation of the lungs will of necessity require regional anes- 
thesia or 214 per cent solution of pentothal sodium intravenously 
with the administration of oxygen for respiratory difficulties. No 
volatile inhalation anesthetic will be used in these cases. 

Anesthesia for the wounded soldier presents a number of very 
complex problems. To meet these problems, too few physicians have 
been trained in the more improved methods of anesthesia. However, 
the army and navy are taking vigorous steps to overcome this need. 
At the Naval hospitals physician anesthetists have been organizing 
anesthesia along the lines of their experience in civilian practice. 
For the treatment of naval personnel in the sick bay itself, the 
risks of explosion and the lack of help narrow the choice of anes- 
thetics to nitrous oxide, pentothal, regional and spinal anesthesia. 
The Surgeon General’s office is now introducing the fundamental 
policies and organization as outlined by Tyne, Nichols and Wiggin. 
Specialists in anesthesia have been assigned to the various army 
hospitals and units to train a personnel for the care of military 
casualties. Others have been assigned for further specialized train- 
ing at graduate teaching centers. 

These are the procedures to be carried out for pain relief at the 
various stations of evacuation in the field of operation. At the 
battalion aid and collection stations morphia and rapid acting barbi- 
turates will be administered for pain relief by medical officers. In 
the surgical trailor hospitals associated with the surgical hospital, 
the treatment of shock will be instituted by the anesthetist in 
charge. Minor emergency operations will be performed with intra- 
venous pentothal sodium and nitrous-oxide-oxygen with a portable 
carbon dioxide absorption apparatus. Spinal anesthesia may be used 
at this unit if a move is not anticipated within twelve hours. At the 
evacuation hospital, where the major part of the surgery will be 
carried out, cases of shock will receive the attention of the physician 
anesthetist in charge, and here the patient will be given essentially 
the same anesthetics and methods of introduction which are em- 
ployed in the general hospital, including preoperative and post- 
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operative care. At these hospitals will be stationed the neuro- 
surgical, plastic maxillofacial, and thoracic surgical teams with a 
physician anesthetist in charge of each one. The physician anesthetist 
will be selected according to his ability. For example, an anesthetist 
proficient in intratracheal anesthesia will be assigned to the thoracic 
surgical outfit. In many cases one officer anesthetist may have to 
supervise several operations at the same time. In such an event he 
will depend on especially trained anesthesia assistants. 

The general huspital in the zone of the interior is the final unit 
in the line of evacuation to which the wounded will be finally 
evacuated. Here the same facilities for anesthesia which exist during 
peace time will be available. 

There is a good deal of controversy regarding the ideal anes- 
thetic. The variations in the human organism are so multiple that 
it is still a remote possibility. An anesthetic is as safe as the anes- 
thetist. The safest anesthetic is the one with which the anesthetist 
is the most familiar, and that in which he has been trained. The 
patient in anesthesia has been the forgotten man and there has 
been committed too frequently the error of fitting the patient to 
the anesthetic rather than the anesthetic to the patient. More and 
more must the well trained anesthetist be a practicing physiologist. 
Only in this way can he care for the varied needs of the patient. 

We have in the wounded soldier a patient who is different from 
the civilian in that he is robust but on the other hand under a very 
considerable degree of psychic tension. His condition may be com- 
plicated with alcohol, tobacco or a full stomach. He may be in 
varying degree of shock for which there is need of special care 
without the facilities of civilian practice. The treatment of shock 
is the first consideration. Then, in the choice of drugs, morphia will 
be used for relief of pain on the battlefield where anesthetics are not 
available. Scopolamine would add to the efficacy of morphia under 
these circumstances. It was discovered in the last war that the 
majority of the wounded soldiers could tolerate much larger doses 
of morphia than the civilian patient in peace time because of their 
rugged physical condition. 

Barbiturates will be used to allay shock, to relieve fear and 
apprehension, in the field of action and also for premedication and 
intravenously at the surgical hospitals. Chloroform will be used 
only under the most adverse circumstances and then only by the 
expert anesthetist. In the hands of the inexperienced sudden death 
may occur. The same applies to ethyl chloride. However, in the 


WIGGIN—ANESTHESIA 367 


hands of the physician anesthetist, familiar with its use, it is a fairly 
safe agent for the induction of ether, or for short surgical pro- 
cedures. Ether is the safest anesthetic in the hands of the occasional 
anesthetist. It has the widest margin of safety and applicability. 
Its disadvantages as stated by Kaye, of the Australian Imperial 
Forces in the Middle East, are concerned with the difficulty of 
induction, the need for increased personnel, more prolonged post- 
Operative care, and the incidence of respiratory tract irritation, 
nausea and vomiting. 

Nitrous oxide will be most useful for short operations and as 
preliminary to the induction of ether. The handicap of heavy 
cylinders and its manufacture makes it difficult to transport and to 
obtain. To produce complete relaxation of the abdomen nitrous 
oxide is not sufficient without adding ether. According to the 
Bureau of Mines this mixture is more explosive than cyclopropane. 

According to Lundy the quick acting barbiturates administered 
intravenously will be used more often than any other type of 
anesthetic. Pentothal sodium in 214 per cent solution should be 
used only by experienced physician anesthetists. Induction is rapid 
and the recovery early, making it of great value in this fast moving 
type of warfare. Rectal avertin will find but little use in this type of 
surgery except as the civilian general hospital. The use of cyclo- 
propane-oxygen will be limited to the evacuation and base hospitals 
because of its explosive properties. This gas mixture is unsurpassed 
as a supplement to spinal anesthesia because of its high oxygen 
content. For the same reason it is unequaled as an anesthetic in 
thoracic operations. Regional anesthesia, either local infiltration 
with novocaine or plexus block, will be used wherever possible to 
alleviate the necessity of rendering the patient unconscious when 
this would react badly upon his general condition. Kaye reports 
that the wounded patient does not prefer it and that it makes 
operating difficult for the surgeon. However, if it is indicated the 
psychic factors of the patient can be controlled by intravenous 
barbiturates and gas and oxygen. There is no comparison between 
the use of spinal anesthesia in World War I and its present status. 

Among the U. S. forces in this war spinal anesthesia will be 
used more frequently than any other method in operations below 
the diaphragm. The agents will be limited to novocaine and pon- 
tocaine. It will be of great benefit to both the patient and the surgeon 
in war because of its quick induction, the complete relaxation which 
it affords, the absence of interference with laryngeal reflexes, the 
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low incidence of nausea and vomiting and the early recovery with 
very low morbidity postoperatively. Even the patient in shock can 
tolerate a low dosage of novocaine and pontocaine for operations 
below the hips. It may be found feasible in severe injuries to the 
lower extremities to administer spinal anesthesia to patients so 
injured for relief of his pain and shock even though operation will 
not be performed immediately. There is the added advantage of 
spinal anesthesia in that one medical anesthetist may administer 
it to several patients and supervise them all with the aid of trained 
technicians. 

In conclusion, there has been presented a plan for anesthesia 
for the surgery of trauma for the civilian casualty in peace and in 
war and for the wounded soldier. 
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Gustav F. Bere (Pittsburgh, Pa.): There is one type of anesthesia that 
I should also like to recommend to you, and that is spinal anesthesia. | 
have been using spinal anesthesia since 1916 and I think it is one of the 
greatest anesthetics we have ever had. I will not discuss sodium pentothal 
because Dr. Wagner knows a great deal more about that than I do. 

J. HUBER WAGNER (Pittsburgh, Pa.): I enjoyed Dr. Wiggin’s paper very 
much and think it gives us all a lot of food for thought. One statement is 
quoted from Lundy, that he thinks the coming anesthetic in wartime 
injuries will probably be sodium pentothal. I believe that when we become 
better acquainted with this drug, we will use it more. I might say that in the 
past four and a half years we have used it rather exclusively in our clinic at 
Pittsburgh, having over 7,000 cases, and as yet have not had even one 
postoperative pneumonia. 

Lundy says it is good for short anesthetics. I would like to disagree with 
him there. We have used it in some cases as long as two and a half and three 
hours, using a maximum amount on one occasion of some 40 gr., with the 
patient recovering. 

I believe that not only physician anesthetists have to be trained in this, 
but I think our female anesthetists as well can be trained so that they can 
give it without any danger to the patient, and I would ask your indulgence 
in the use of pentothal for your patients in the future. 
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Becrorp S. Lester (Birmingham, Ala.): May I ask Dr. Wiggin about 
the radiating pains that follow in certain cases of spinal anesthesia? It does 
not seem to make very much difference whether those are administered in 
the army or the naval hospitals. They bother the patient from two to six, 
eight and ten weeks after the spinal anesthesia has been administered. 

Secondly, how about the toxic hepatitis after a cyclopropane anesthesia 
that comes on anywhere from eight to ten days after? 

SIDNEY C. WicGIN (closing): I hold no brief against ethylene except to 
say that the theoretical proportions of oxygen with the gases are go and 10 
for nitrous oxygen, 80 and 20 for ethylene, and 15 per cent cyclopropane 
and 85 per cent oxygen. In our experience, the cyclopropane, I think, has 
proved better than ethylene, although ethylene was a great improvement 
over nitrous oxide. 

Dr. Wagner referred to female anesthetists. I suppose he means nurses. 
I know that the Army is training some nurses in intravenous anesthesia, but 
I believe that there is an element of danger, because when a patient goes 
bad with intravenous anesthesia, it really requires the attention of an 
expert anesthetist. 

Regarding the radiating pains that Dr. Lester mentioned, which occur 
after spinal anesthesia in both legs two, four, six and eight weeks postopera- 
tively, I have not had that complaint among my patients and I have used 
it since 1928. 

As for the toxic hepatitis, I have used cyclopropane for the better part of 
ten years and I| cannot recall any complication of that nature among my 
patients, and I have not heard it reported. 
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UBTROCHANTERIC fracture of the femur is one of the major 
problems in the management of fractures. It is most commonly 
due to direct violence and is distinctly an accident of middle 

age and late life. In the series which I have analyzed there are forty- 
two cases. Of these there was only one in each of the first, second and 
third decades, while there were thirty-nine past forty years of age. 
The distribution of age was as follows: 


Age No. of Cases 


These figures indicate that this fracture is an accident in which 
the passing of youthful agility is a large factor. 

The portion of the femur in which the fracture occurs is encased 
in a large number of muscles, each of which is attached to the femur 
at one end and exerts some measure of control over the movement 
and fixation of this bone. The multiplicity of these muscles and the 
varied directions of their pull account for the marked displacement 
of major fragments as well as for the bizarre scattering of smaller 
pieces of bone. Because of the many small muscles which pass in a 
more or less transverse direction between the pelvis and the femur, 
and the proneness of fracture lines to be oblique or fragments to be 


* From the Department of Surgery, College of Medicine, University of Cincinnati and 
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comminuted, it is easy for muscle to become interposed between 
fragments and thus interfere with reduction and delay union. 
The characteristic displacement of fragments and its mechanism 


Thaeus | 


Fic. 1. Diagram showing displacing 
effect of muscles in fracture at junc- 
tion of upper and middle thirds. 
(From Magnuson’s Fractures. Phila- 
delphia, J. B. Lippincott Co. Drawn 
by W. C. Shepard.) 


of production is as follows: The proximal fragment lies anterior and 
lateral to the distal one, having been rotated outward and flexed by 
the psoas and illiacus muscles and abducted by the tensor fascia lata 
and gluteus medius muscle. The adductors draw the distal fragment 
inward. I know of no better illustration of this than the one from 
Paul Magnuson’s book on fractures. The upper fragment is so short 
that it is not possible to influence its direction by leverage or to 
rotate and fix it. Consequently, it is necessary to place the distal 
fragment in line with the proximal one. Where the line of fracture is 
transverse the fragments may occasionally be engaged by manipula- 
tion under general anesthesia, but when the line of fracture is 
oblique or the fragments are comminuted, reduction is rarely possible 
and position of fragments must be maintained by traction. Some 
form of balanced traction is generally advocated in which the leg is 


“ae 
Yj 
~Adductors 


372 CALDWELL—FRACTURES OF FEMUR 


rotated externally, the thigh is flexed and abducted, and the knee is 
flexed to relax the hamstring muscles. Russell’s traction or suspen- 
sion under a Balkan frame with traction by means of a Thomas splint 
with the Pearson attachment are methods most commonly used. 
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Fic. 2. Usual displacement and result after callus had formed. (Tracing 
from x-ray.) 

Fic. 3. Position during traction and final union. (Tracing from x-ray.) 
When traction fails to effect a satisfactory reduction there will be 
a high incidence of delay in union, angulation and shortening. In 
such cases we believe that many of these breaks should be subjected 
to open fixation at an early date. Formerly, we were inclined to 
temporize because of the magnitude of the operation, but with the 
approach, which I shall describe, our attitude toward the problem 
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has been considerably altered, even though the fracture is frequently 
associated with such unfavorable factors as senility and obesity. 
The common approaches are (1) the anterior one described by 
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Fic. 4. Position during trac- Fic. 5. Position during trac- 
tion. (Tracing from x-ray.) tion. (Tracing from x-ray.) 


S.c 
1-17 41 


Fic. 6. Position and result when operation was performed late. (Tracing from x-ray.) 


Henry in which the incision follows a line from the anterior superior 
spine of the ilium to the outer border of the patella, and (2) the 
lateral one in which the incision extends downward from the great 
trochanter. In both of these the bone lies very deep and must be 
discovered through the fibers of the vastus lateralis muscle. I know 
of few more harrassing operative procedures than trying to expose 
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and mobilize fragments of the upper end of the femur in a muscular 
patient through either a lateral or anterior approach. 
The approach which we have employed in six cases has made the 


Fic. 7. Position and result when operation was performed late. (Trac- 
ing from x-ray.) 


Fic. 8. Result when operation was performed early. (Tracing from x-ray.) 


operation much easier for the reason that the muscles can be 
separated, the bone is nearer the surface and structures which must 
be avoided, particularly the sciatic nerve and femoral vessels, are not 
so placed as to cause one to fear their injury. This operative approach 
is not original with me, but I do not know to whom to give the credit. 

When possible we like to apply a single hip spica to the patient 
several days before operation. When doing this we place over the 
operative field several gauze pads about the size and extent of those 
to be used as wound dressings after the operation. The case is 
bivalved before it is quite firm and is laid aside to harden and be 
ready for application at the completion of the operation. By this plan 
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the anesthesia is not prolonged by the period necessary to apply the 
cast, and the operation can be performed on an ordinary operating 


table. 
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Fic. 9. Cross sections of thigh at levels of trochanter and upper third showing 
approach to bone by separation of vastus lateralis and biceps femoris. 
(Adapted from Manual of Surgical Anatomy. Medical Department of U. S. 
Army and Navy.) 

The patient is placed face down on the table and the side to be 
operated upon is elevated about two inches. The incision follows the 
posterior border of the fascia lata and begins at the greater tro- 
chanter and extends downward eight to ten inches. In its upper 
portion the insertion of the gluteus maximus muscle into the fascia 
lata is cut, leaving enough of the insertion to repair after completion 
of the operation. In the distal portion of the incision after the inser- 
tion of the gluteus maximus muscle is divided, the biceps femoris, 
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which lies on the medial side, can easily be separated from the vastus 
lateralis by blunt dissection. The femur is then felt at the bottom 
of the incision. From above downward the attachment of the 


Fic. 10. Drawing showing operative approach. 


quadratus femoris and then that of the adductor magnus muscles 
may have to be separated from the posterior surface of the femur. 
The proximal fragment usually lies anterior and external to the 
distal one. Each must be separated from any attachments it may 
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have formed, then by levering or clamping with bone holding forceps 
and manipulating, the two fragments are maneuvered into suitable 
end-on apposition. The method of permanent fixation is a matter of 
choice. In all of our cases we have used six-hole plates. 

Silk is used for ligatures and sutures throughout the operation. 
After completion of the operation and dressing, the posterior shell of 
the cast is laid on the patient and he is turned and lifted in this case 
to stretcher or bed. The anterior shell is then applied and the two are 
strapped together accurately with adhesive straps. 

In all of the six patients operated upon union has been prompt 
and firm and good function has been restored. 

Two of our cases did not come to us until efforts by others had 
been ineffectual and considerable time had been lost and in two of 
Our Own cases we continued traction methods beyond a reasonable 
period. In the other two cases operation was performed within ten 
days, and in both of these good useful function was restored in four 
months. The periods of hospitalization were fifty-nine days and 
sixty-four days, during which time a cast was in place eight weeks 
and seven weeks. 

Of the thirty-six patients treated without operation both Rus- 
sell’s traction and Thomas splint with Pearson attachment were 
used; in several cases both were tried. In all cases the traction was 
followed by the application of a cast. Two patients died during the 
treatment. In the thirty-four survivors union resulted in all, but two 
were unable to bear weight before eight months. The maximum 
shortening was one and one-half inches in two cases, one inch in two, 
one-half inch in four, and none in twenty-six. All have united by 


excessive callus. 
SUMMARY 


The posterior approach offers a much easier and simplified 
method of operating upon subtrochanteric fractures of the femur. 
In suitable cases, when a satisfactory reduction cannot be obtained 
by other methods, we believe that an early use of this procedure will 
be followed by better results, less inconvenience to the patients and a 
shorter convalescence. 


DISCUSSION 


Henry C. Marsce (Boston, Mass.): I am very glad that Dr. John 
Caldwell brought up the subject and I think if we had more confessions of 
defeat, that it might be the ground for discussion. I do not recall that I 
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have heard that discussed very much, particularly in wartime. My recol- 
lection of that particular injury which Dr. Caldwell brings to our attention 
as a defeat, is of a through-and-through wound that passes through the 
soldier’s thigh; he sustains a subtrochanteric fracture with comminution 
and you are confronted with two or three problems. The first problem is, 
what are you going to do to hold the proximal fragment? The first picture 
Dr. Caldwell showed by Dr. Magnuson is very simple, but when you have 
overcome the degree of upward and outward displacement of the proximal 
fragment and just at the time that you have got the distal fragment to 
meet it, the proximal fragment goes a little further, and when you get that 
it goes up still little further. When you end up, you have the patient 
literally in a knee-chest position in an effort to hold it. 

I have never seen one of those cases handled by plaster of Paris fixation, 
such as is now used, and I wonder how it would manage that proximal 
fragment. That is always a problem and I recall having some of these men 
treated with their knees in flexion, their thighs in flexion or better, and 
dressing the wound on the front of the thigh, and then lying down on the 
bed and dressing an equally large and sometimes more infected wound in 
the buttocks. It is a difficult fracture to handle. 

There is one other factor in the compound injuries which I think we 
should bear in mind that this is a source of secondary hemorrhage. There 
is a large artery which accompanies the sciatic nerve, which is difficult to 
control, difficult to expose, and having exposed it, difficult to tie. It is also 
intimate to the sciatic nerve and | have often wondered how many of these 
cases have bled and the sciatic nerve has been tied with the artery in an 
effort to control the hemorrhage. 

I think this is a very important matter for discussion and I am very 
glad Dr. Caldwell brought it up. 

FRANK P. StrICKLER (Louisville, Ky.): I think Dr. Caldwell has given 
us a very timely paper and has shown us some excellent results. When Dr. 
Morrison asked me to discuss this paper, I ran through a series of 100 cases 
thac we had had, and I found essentially the same facts that the doctor 
has found, namely, that this is an injury of middle life and of late life; but 
I also found, much to my surprise, that in these injuries under thirty years 
of age, they were complicated by compound fractures of the tibia and 
fibula, and these cases occurred in automobile accidents. Of course, a com- 
pound fracture of the tibia and fibula complicates this injury considerably. 

We have operated upon only 10 per cent of our patients. We use the 
lateral incision from the greater trochanter down parallel with the femur, 
and we have done our cases on a hollow table. We seem to think that we 
can pull it in line better that way and hold it in position that way. 

The only trouble that we have had with our cases is that we have found 
that a large number of them have been rather severely comminuted, and 
that would make a plating operation rather difficult due to the fact that we 
simply had nothing for the screws to hold to. 
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We have used largely conservative treatment, and with very good 
results. We have used the Thomas splint with the Pearson attachment, and 
a Kirschner wire through the crest of the tibia just below the tibial tubercle. 
We put that through under local anesthesia, as a rule, in bed, without 
moving the patient to the operating room at all. We then apply a Thomas 
splint that has a rather snug fitting ring. We believe that the ring helps hold 
the upper fragment and helps to maintain position. We put the extremity 
up in slight flexion at the knee. This relaxes the hamstring muscle and the 
flexor muscles. We then apply a weight. I think if you are careful in applying 
this weight and if you watch your cases carefully with x-rays and measure- 
ments, you will have no difficulty. 

It is very easy to measure these cases, and we x-ray our patients not less 
than every two weeks, and if we have any difficulty with them, we x-ray 
them more frequently than that. I think one of the reasons many of us get 
into difficulty with fractures is that we are too Scotch with x-rays and we 
do not take enough of them. That is really the only way in which you can 
tell what a fracture has done. Of course, you do not want to go to the other 
extreme and x-ray them so much that there is a possibility of interfering 
with bone growth. That is the other extreme, but I believe, from my experi- 
ence at least, that it is safe to x-ray a patient at least every two or three 
weeks, and that by watching these cases carefully, you can get good results. 

I do not know why, but I have not had a great deal of trouble with this 
fracture and I have gotten very good results. We have had no cases of non- 
union and we have had very good functional results. 

As far as the incision goes, I can find no fault with the doctor’s incision 
at all. The only objection that I see, or criticism that anyone could offer to 
this type of incision, is the position and the possibility of its becoming 
contaminated when the patient eliminates. That is the only criticism that 
I could offer to it, because we all do have accidents and get incisions con- 
taminated in that region. 

I recently had a case that was very interesting to me from this stand- 
point. Of course, it might not interest you much, but my father saw this 
man with a fracture of the type that we are talking about, forty years ago. 
The man fell about a week ago and refractured that femur through the 
same site, and he came to me forty years later with a fracture through 
exactly the same fracture that he had years previously. 

Rosert P. Dossie (Buffalo, N. Y.): My experience with this type of 
fracture has been very limited and I really have no right to discuss Dr. 
Caldwell’s paper. All I have to say is that my experience has veen very 
limited in handling this fracture and I have had my difficulties. Unlike 
Dr. Strickler, I found it a very difficult fracture to handle in the few that 
I have handled, and as usual, Dr. Caldwell brings a point that is practical 
and concise and very valuable. The posterior approach is very intriguing 
and I am sure I will keep that in mind with the next fracture of this type 
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that I have to treat, due to the difficulty I have had in my few cases in 
getting through these large muscles in these very obese patients. 

Frep H. Smitu (New York, N. Y.): In many of the subtrochanteric 
fractures that we have had, we have attempted to fix them by plates, and in 
some of the very high ones even use a Smith-Petersen nail with a Thornton 
plate. The purpose of internal fixation is, in the first place, to get anatomical 
position with rigid fixation which permits moving the patient and allows 
him to get up. If we get firm, rigid fixation, we believe it is not necessary to 
use any plaster of Paris afterward, and the patients get a much quicker and 
a better return of function. 

After using a plate—we usually use a six-screw plate 
hand-fixing screws which are put in at a different angle from the screws 
holding the plate, and in that means it Is not possible to bend or twist the 
plate at the fracture line. We believe we can start hip motion right from the 
start, and we also believe the patients can be allowed up in a chair in a short 
time, and that cuts down very greatly on the possibility of postoperative 
pneumonia and other conditions that these older people get. 

H. GurtH Pretty (Montreal, Canada): This subject of subtrochanteric 
fractures, I think, is a very interesting one. It has given a good deal of 
trouble in Montreal. We run into a large group of them, and our experience 
has been that by the closed method, we were not able to get a reduction; we 
got a certain degree of shortening and deformity and we had a long con- 
valescence. Furthermore, lately we have been running into a fair group of 
compound fractures, and we have found in these compound fractures that 
our difficulties are even more severe than before, so that on some of them we 
have been attempting almost immediate plating. In other words, the wound 
had been débrided, it has been watched closely for a period of a week, with 
sulfonamides, and using a. t. s. and also anti-gas gangrene serum at the 
same time; then we have gone in and reopened the wound and replated it. 
The point I want to take up in connection with this slide is that this was a 
man of about fifty who was struck by a steel rail. He had a hole in the side 
of his thigh big enough to incorporate two fists, and no matter how we tried 
to manipulate him, this somewhat bizarre “butterfly”’ got in the way and 
our pieces flew all over the place. 

The second thing was the question of holding this bone in position for 
plating by using some lash screws and six-screw plates, and I found by using 
a small plate anteriorly with the six-screw plate on the side, we seemed to 
get a very much better position than by a single plate and lash screws. 

Gustav F. Bere (Pittsburgh, Pa.): I think that Dr. Caldwell is to be 
congratulated for bringing before us one of the most difficult fractures that 
we have to contend with, and I believe that Dr. Caldwell has stressed a 
point which is very valuable. This is one of the types of fracture that, in my 
opinion, is always an open reduction case. 

There is one thing that you must remember. When you are getting up 
into the trochanteric region, the bone is soft and you may have difficulty 
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with your screws having sufficient purchase. In these comminuted fractures 
it is often a good idea to go back to Dr. John Murphy’s theory, doing an 
intermedullary graft, taking a piece of bone, cleaning out the trochanterous 
structure about, putting in the bone and putting on your bone plate. 

Henry C. Marte (Boston, Mass.): I think there is one matter that we 
have overlooked. I do not know that it was overlooked, but we always 
believe, also, that fracture in this particular location is very apt to be 
metastatic and it is a pathological factor. This seems to be a point of election 
for certain metastatic cancers, Paget’s disease, and we must not forget that 
in our discussions. 

Joun A. CALDWELL (closing): I am very grateful to Dr. Smith for the 
suggestion for the management of these cases. Further than that, I think 
there has been very little discussion of the procedure. Most of the men have 
given very good reasons for it, which is lack of experience. The purpose of 
this was to try to popularize experience with it. 

It might carry a little further conviction if I would give here a report of 
one of these operations. This was done by the resident surgeon on the 
service, a man of extraordinary capability who does everything well, and 
who writes this report. This was the ordinary, routine, operative report 
which I find it very difficult to improve on in describing the operation: 

“The entire leg was then encased in a double layer of sterile stockinette 
which was extended as far as possible upward on the posterior aspect of the 
thigh. The draping was supplemented with sterile towels and with plain 
sheets in such a manner that the leg was within the field of operation and 
available for manipulation.” That is, the leg, covered with the sterile 
stockinette, was outside all sheet draping so that it was possible to take up 
the entire leg without contaminating the field at all. 

“A longitudinal incision was made after opening the stockinette in the 
palpable groove between the vastus lateralis muscle and the biceps femoris. 
The patient was fairly obese, and about 114 inches of adipose tissue was cut 
through before exposing the deep fascia. The approach came directly down 
on the tendonous insertion of the gluteus maximus muscle, and the lower 
portion of this was divided close to its insertion. Then by separation 
between the belly of the vastus lateralis and the biceps femoris, the shaft of 
the femur was readily exposed without exposure or injury to any major 
nerves or vessels. The muscle fibers attached to the bone surface were 
stripped free from below upward to expose the fracture site and the 
hematoma surrounding it. 

“The proximal fragment was displaced anteriorly and laterally and the 
distal fragment posteriorly and medially with approximately 114 inches of 
overriding. The ends of the two fragments were dissected free and grasped 
with Lambot bone-holding forceps, and by manipulation of these two 
instruments and the manipulation of the lower leg and foot by an assistant, 
and with the use of a smooth bone skid, the displaced bones were reapproxi- 
mated in 100 per cent anatomical reduction. A five-inch Shermann plate of 
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stainless steel with six holes was now applied to the posterior surface of the 
bone, and one screw was inserted above and one below after preliminary 
drilling of the bone. With these screws in place, a Lowman clamp was 
applied around the fracture site and over the Shermann plate to maintain 
the two bone ends in accurate apposition while the remaining drill holes 
were made and the plate fixed firmly in position. Three screws were used 
above and three below.” 

That gives in very complete detail, I think, everything that is done with 
this, and that is about the procedure as it is carried out. I think that com- 
paring this approach and this manipulation with the ordinary lateral and 
anterior approach is like comparing, as far as speed and effectiveness are 
concerned, the difference in travel by train and airplane. It is much more 
direct and much easier. 
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TREATMENT OF INJURIES OF THE HAND 
REQUIRING SKIN GRAFTING 


Lizut. Compr. THomas L. HAwkKINs, M.C., U.S.N.R. 


U. S. Naval Hospital 
FARRAGUT, IDAHO 


grafting as applied to the extensive practice of the plastic sur- 

geons, but merely to call to the attention of surgeons engaged in 
the treatment of injuries, the importance of immediate skin graft in 
injuries of the hand. 

Commonplace injuries of the hand are the stepchildren of sur- 
gery, in that they are by far the most frequent of injuries and are 
cared for by thousands of physicians and surgeons. We accept these 
injuries and resultant deformities usually as trivial, often because of 
their being commonplace, which leads to indifferent care. This paper 
then is a plea for a sharper focus on these injuries and a mobilization 
of our present surgical knowledge from all sources, toward more 
intelligent care. 

The challenge thrown out by Walter Estel Lee’s oration on Frac- 
tures and Other Traumas at the Clinical Congress of the American 
College of Surgeons, Boston, November, 1941, should be a whip and 
if so accepted may overcome the stigma of the quotation of Dr. 
Meeker, that, “‘A general surgeon is one who does not do anything 
particularly well.” The sting should prompt the general surgeon to 
borrow from the vast field of knowledge of his specialist brothers, 
and to apply approved methods in the care of injuries of the hand. 
In so doing he must become a student of pathology, orthopedics, 
plastic surgery and neurosurgery. The proper marshalling of this 
knowledge will lead to real intelligence in the care of hand injuries, 
and the general surgeon may make for himself at least a small spot 
in the sun and find that he can do some one thing particularly well. 

The hand as a member of the body has never been more impor- 
tant in the history of the world than at this particular time; this 
being a mechanical age a resultant mechanical war has ensued. The 
importance of the full function of the hand is obvious. We forget that 
we have ten digits on our two hands; we do not have an adequate 
conception of the value of these members or of their co-related 
values. A hand without digits is practically a total loss, the hand 
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might as well be absent. Functionally, the digits may be divided into 
two major correlating units, the thumb and the fingers, each prob- 
ably of equal importance. A hand without the thumb Is a 50 per cent 
loss of hand function, conversely, the loss of four fingers is a 50 per 
cent loss. The relatively greater value of the thumb over the indi- 
vidual fingers lies in its being a member in apposition to the four 
fingers. The loss of either of the cardinal components of the hand 
nullifies the palm almost entirely. 

The original work of infections of the hand by Kanavel and the 
continuation of this missionary work by Koch and Mason and others, 
have entirely revolutionized care of hand injuries and, in fact, have 
made an expose of fanciful claims of the value of skin antiseptics. 
At last the fundamental principle of skin cleanliness through the 
media of soap and water properly applied, has driven from the field 
myriads of caustic cell destroyers masquerading under the term of 
antiseptics, many of which were not even antiseptics, and almost all 
were cell destroyers. 

All hand injuries should have no further first aid than a sterile 
dressing and a tourniquet applied to relieve obvious serious hemor- 
rhage. Pressure control of hemorrhage at the site of the injury 
generally should be condemned. The injured hand, when seen by a 
surgeon, should be carefully inspected and tested by direction to the 
patient as to nerve, tendon and bone injuries. X-rays should be taken 
in practically all but the most simple of lacerations. Fractures are of 
secondary importance, in that lacerations and soft tissue damage 
demand first consideration. 

The hand should be thoroughly cleansed with soap and the use of 
gallons of water. Injuries on the palmar surface require a brush; 
others should be cleansed gently with sterile gauze. In injuries of the 
fingers, nerve block anesthesia should be employed before careful 
cleansing of the wound area Is instituted. Larger, more complicated 
injuries of the hand require general anesthesia of a preferred type. 
No injuries are ever repaired with local procaine infiltration. Ideally, 
all hand injuries should be accorded operating room asepsis. Prac- 
tically this may not be obtainable, nevertheless, this goal should be 
set up for future attainments. No surgeon would permit general 
abdominal exposure without proper masking and aseptic procedure, 
yet many a hand injury presents far more inviting fields for expired 
air contamination. 

A sterile rubber glove is fitted on the hand, an incision made over 
the desired area (rubber shortage may preclude the use of this 
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extravagance) and sterile rolled stockinette used. Hemostasis is 
essential to correct repair. The skin edges are removed in an intact 
circle which should include the walls to the bottom of the laceration. 
Débridement should be thorough but not reckless. The use of 
powdered sulfanilamide sprinkled lightly over the denuded area 
seems to be definitely beneficial; however, the dumping of large 
amounts is certainly detrimental to clean healing. Any type of fine 
nonabsorbant suture may be employed, and a stitch used which does 
two things: first, co-apts the skin edges in gentle approximation, and 
second, does not exert cutting pressure. 

By far the greatest number of injuries to the hand are to the 
fingers and thumb and need not be enumerated. The injuries which 
require immediate skin grafting are those with extensive loss of skin, 
usually through crushing injuries and burns. The simplest of these 
are the slicing lacerations of the finger tips, commonly occurring in 
contact with jointers, meat cutters and other mechanical cutting 
devices. When the tip has been excised with the greater portion of 
the ball of the finger and the distal phalanx exposed, the area should 
be grafted. These injuries, if not grafted with skin, leave the peculiar 
toothpick finger which is permanently damaged, particularly for fine 
work. Clése observation of the function of these deformed fingers 
will show how little they are used. The author has long since ceased 
to scoff at the patient who brings in the severed portion of the finger. 
Usually if seen within a short time careful cleansing and application 
of the severed segment will result in a take. 

The wringer-type of hand injury in which the hand has been 
literally peeled of the skin, requires meticulous care; not infrequently 
the skin is not lost at all, simply rolled up on the hand. AII of these 
are hospital cases unless operating room facilities are available in the 
office or clinic. If seen within a few hours the rolled skin should never 
be sacrificed, no matter how devitalized it may appear. After careful 
cleansing of the hand with soap and water, and no antiseptics, the 
surgeon should assume the rdle of the plastic surgeon and proceed to 
apply these principles in “grafting” the denuded area. It is not 
infrequent that repair of these injuries may require not minutes but 
hours. Final results will more than justify the fastidiousness of the 
surgeon. Should skin be lest, the surgeon should immediately replace 
it with free grafts. 

The most ideal is the full thickness graft; however, this leads to 
delayed donor area healing so that the thick split graft may be 
advisable in some cases. This, however, does compromise the ideal 
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full thickness graft. The extensive hand injury will require a longer 
operative time than most major abdominal procedures and justly so, 
for the permanent disability may be far reaching. 

While the wringer-type of hand injury with skin peeling provides 
the ideal injury for immediate skin grafting, similar injuries, such as 
result from automobile accidents, with extensive soft tissue and deep 
structure injuries, lend themselves to immediate grafting for skin 
losses. Here again basic cleansing principles must be adhered to 
before repair may be instituted. 

Any surgeon who presumes to accept responsibility for the care 
of these injuries must be adept in nerve, tendon and bone surgery, 
and must, therefore, keep himself familiar with current advances in 
these particular fields. It should be quite evident that a neuro- 
surgeon, an orthopedist and a plastic surgeon would be a crowd in 
the operating room. It should be emphasized that even in these 
ragged, lacerating injuries, radical débridement should be frowned 
upon; every available milometer of skin should be saved, even at the 
expense of long operating time. By careful fitting and key suturing 
many denuded areas may be covered. Palmar surface skin is fre- 
quently lost because of failure to realize the increased thickness of 
the skin in this area so that sutures are placed superficially. After the 
slough of the thick cornified area, the suture may not even have 
penetrated the thickness of the skin, hence, lack of co-aptation and 
resultant poor feeder circulation. Denuded tendons may be grafted 
with confidence of success, but should have full thickness grafts and 
careful attention to proper pressure dressings. 

The interposing of fat, or the cutting of the graft with fat to 
prevent adhesions between the graft and the tendons, is an excellent 
method to insure its death except for pedicle flaps. Fat does not 
prevent adhesions; on the other hand, it is an excellent insulating 
tissue against good blood supply to the base. 

The use of mechanics waste as a pressure medium, as popularized 
by James Barrett Brown, is infinitely satisfactory, provided the 
dressing is applied carefully so that it will function. It certainly has 
no magic inherent powers to apply uniform pressure unless equally 
distributed pressure is applied through the application of the dress- 
ing. Once the dressing has been applied and examined daily to deter- 
mine whether it is functioning properly, it should be left alone for a 
week. Frequent dressings only increase the hazard of infections; the 
gentlest change is traumatic to delicate healing structures. Curiosity 
to view grafts should be repressed. 


i 
« 


HAWKINS—INJURIES OF HAND 387 


It is essential that these injured hands be splinted in complete 
rest. Many a two-hour painstaking operation is ruined in a few 
minutes by the patient struggling in postanesthesia. If proper, 
adequate, light splinting material is not satisfactory, plaster should 
be used which later may be shelled for observation and dressings. 

The surgeon who cares for these hand injuries should acquaint 
himself with the armamentarium of the plastic surgeon, so that he 
may have adequate and applicable instruments, otherwise he may 
find himself a boilermaker in a watchmaker’s shop. Careful, gentle 
and meticulous handling of tissues, to a point of being ultrafastidious 
should be the guide posts of any surgeon in the care of hand injuries. 
Time taken in the care of these injuries should be of no importance. 

Some time has been consumed in detailing the hand cleansing as 
it is so vital if grafting is necessary. As a matter of fact, the method 
of cleansing of the hand may quite definitely determine success or 
failure of the graft regardless of how perfect the graft may be cut and 
applied. 

Full thickness skin loss in burns lend themselves admirably to 
early grafting and here again, basic cleansing principles apply possi- 
bly more forcibly than in lacerated wounds. After all, a burn is a 
wide open wound and should be treated as such. As soon as a clean 
base is established split grafts should be applied. One thorough and 
careful operative procedure at this time may save numerous later 
operations which frequently are basically palliative. The dermatone 
makes available an accurate device for skin splitting so that there is 
no excuse for delay in grafting. It has been pointed out in treatment 
of burns, even if the graft is a failure, it has supplied an ideal dressing 
and to some extent has prevented contracture. 

The potentialities of permanent disability with economic loss in 
injuries of the hands may far surpass potentialities in so-called major 


surgery elsewhere. 

Treatment of injuries of the hand demands far more considera- 
tion, far more sober thought to combat permanent disabilities. These 
injuries are worth most considerate, thorough and gentle care and 
should be elevated in importance to the sphere of major surgery. 
They should also be recipients of the fruits of advances in specialized 
lines of surgery. Possibly it is unfortunate that the largest percentage 
of them are destined to be cared for by the general surgeon, but with 
wisdom this garden variety of injuries may be the vehicle to carry 
him where he may do many things well. 
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DISCUSSION 


Eart C. Papcetrt (Kansas City, Mo.): Dr. Hawkins has, we all agree, 
brought up a subject that is very timely. He has tried to lay down general 
rules for the care of hand injuries and as in all cases in which one lays down 
general rules, there are many exceptions which one might use with advan- 
tage. I will not go over those particular things, only to say that sometimes 
I would think that possibly fractures might not be of secondary importance. 

Although one might lay down a general rule that general anesthesia is 
always necessary, I think that possibly one sees many cases in which local 
anesthesia might be used with some good judgment. 

I have heard many men state that the completely severed portion of a 
finger should be reattached and given blood supply, but I have never seen 
such a thing happen if the cut was deeper than the subcutaneous tissue. 

The statement was made that the most ideal graft is a full thickness skin 
graft. Personally, we have not used the full thickness skin graft except on 
web fingers in children for many years, the reason being that with full 
thickness skin graft, although the take is perfect and the protection is 
the best that any skin graft will give, you run about a 20 per cent chance 
of not getting a take, even on a clean surface, and if you do get a take you 
may get some blisters. Those do not make so much difference on the hand 
because one is not looking for an ideal cosmetic result, particularly, anyway. 
We have used what we have termed (and the term is probably bad) the 
three-quarter thickness skin graft, basing that designation on the fact that 
the graft is cut to the last quarter thickness of the skin. This graft gives good 
protection and the cosmetic result is good and it practically always takes. 

On an aseptic field with proper fixation, dressings and so on, one can rest 
assured that his takes will run close to 100 per cent. Of course, on the granu- 
lating areas we do not try to use a fixed skin graft because of the liability 
that one may lose the graft. We usually cut the skin graft fairly thin, 
preferring to make the chance of getting recoverage high, and if there is 
contraction after the hand is healed, one can relieve the contraction. 

To generalize then, on the hand we have laid down certain rules which 
to us seem somewhat of value: For most skin and subcutaneous tissue losses 
or contractions in the palm or over the dorsum of the hand or of the fingers, 
the application of the proper skin graft is preferable to the application of a 
skin flap. The exceptions to this statement are met when tendon, bone or 
joint is laid bare or when it is anticipated that a tendon grafting operation 
is to follow. Then a skin flap is definitely the indication. 

On the fingers on which it is essential to cover a guillotine amputation 
or the original injury has been of the guillotine type, to get added length 
with adequate protection a pedicle skin flap is the indication. This is also the 
case when one side of the finger has been denuded down to the bone. When 
it is desirable to increase the length of an amputated digit, coverage with a 
skin flap will give one about one-quarter of an inch increase in length in 
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addition to giving a well padded protection. In my experience, a skin graft 
does not give sufficient protection over the end of the digit if applied 
immediately on the granulations springing from severed bone. 

Correction of webbed fingers of either the congenital or acquired type is 
most efficiently done by application of thick skin graft between the fingers 
after complete severance of the web. 

WituiaM E. Browne (Boston, Mass.): I do not believe I have a single 
thing to add to Dr. Hawkins’ paper. There is nothing we do that is mate- 
rially different from what he has outlined in his paper. Perhaps we would 
not go quite as far as he goes in saying that fractures are not of prime 
importance in changing abnormalities in the skeletal framework of the hand 
before attempting the soft part repair. If, for example, you consider what 
has been said this morning about subtrochanteric fracture, about the vastus 
lateralis, the gluteus maximus and adductor magnus, and the danger of 
injury, and if you transfer that to the hand, to the thumb, for example, and 
the structures attached to the outer border of the proximal phalanges, that 
is the outer head of the phalanges and the inner border, the inner head of 
the flexor pollicis proximal and the oblique adductor of the thumb, to 
attempt a skin graft between the first and second fingers with those 
antagonistic muscles unattended to by lines of fractures not repaired, would 
result in considerable deformity as one might attempt to reconstruct the 
hand with soft part repair of one kind or another. 

I do think that Dr. Hawkins’ note on anesthesia, passed over lightly, is 
of importance. He has underlined in his paper, which he was kind enough to 
send me, the words that we never use local infiltrative anesthesia in 
attempting these things where other forms of anesthesia may be permitted. 
I do think it is unfortunate, when one sees these grafts which do not hold 
and when one sees in the fifth or sixth layer of the skin (removing sutures 
ten days rather than a week after they have been put in) that the deeper 
layers have not been attended to. One can avoid that very nicely, obviously, 
by undercutting the edges properly before grafts are put in. 

I have not had the nice results with Dr. Padgett’s dermatone, which 
everyone should have, and I have used it in other parts of the body with 
better results sometimes than in the hand; as I say, I have not had the 
results which I am sure he has had. I do think that it is important in these 
finger injuries, where the tips of the fingers are gone, in using little postage 
stamp grafts there, that thick skin grafts are advisable. I am sure it is 
almost impossible to talk to men who have had tremendous experience in 
this field, to express certain dogmatic points, except to prevent those who 
are not adept in handling these things from attempting to handle them. 
They must be done, obviously, by persons who have had considerable 
experience. 

I think it is most important to bear in mind what Dr. Hawkins said 
about not wasting ruffled up and raveled up plaques of skin. Suppose the 
skin does not take at all which one unruffles or pulls down; there is much 
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better healing where one uses that skin, even though a good part of it is 
sacrificed later on, and in the event that full thickness graft or some other 
form of graft is later necessary, it will take very nicely. I think in a certain 
percentage of these cases—and I cannot give any figures—in which the tip 
of the finger is done, that it is highly desirable, although there is a good deal 
of atrophic disturbance, to inject the digital nerves before a graft is placed 
or an inlay is laid, so that the tip of the finger, when one attempts to use it 
later on, will not be very painful. 

I heard Dr. Lund, who was my great teacher, define minor surgery one 
time as surgery done by minor surgeons, and the more minor the surgeon, 
the more major became the surgical thing he was doing. If that is true, it 
certainly is true in the hands, and I would advise persons going to the other 
end of the ladder, to learn how to do a thyroid, to know the triangles of the 
neck, to be able to do a breast very thoroughly, to be able to take out a 
gallbladder well, to do a hernia very, very nicely, and after that, come back 
to the hand which seems to offer so many difficulties. 

Lastly, I might be permitted to pay tribute to the President of this 
Association, of which I am not a member, for the very excellent work he 
does here in Boston on these very difficult problems involving crippled 
hands. 

A. WittiaMm Recaro (Boston, Mass.): I would just like to add one word 
on a thing that we are apt to forget in these hand cases. We speak of splint- 
ing the hands right along, but we must not forget to splint those hands in 
the position of rest, sometimes called the position of grasp. With relaxation, 
it avoids tension and is infinitely more comfortable, so that the position of 
grasp or relaxation, if possible, is the way that we should do our splinting 
every time. 

In the second place, do not forget the shoulder. So many times we see 
these people come in who have had trouble with their hands, and at the 
hand clinic at the Massachusetts General Hospital, we have the habit of 
saying to these fellows, “‘Put up your arms,” and there you are. The injured 
hand gets a glued up shoulder. Always give the instruction, on whatever you 
do on the hand, that the patient must put that hand up over his head at 
least three or four times every day. That is a point worth remembering. 

JosepH L. Burnett (Boston, Mass.): There is one thing in this discus- 
sion of hands that has not been mentioned and I think it is very important. 
Most of these patients with injured hands land in the hospital and the 
suturing of tendons and other things connected with compound injury of 
the hands are done usually by the lowliest intern on the staff. I think you 
men should go on record as saying that all hand injuries other than a simple 
lacerated wound, should be done by no one less than the resident. 

Tuomas L. Hawkins (closing): I certainly did not wish to convey the 
impression that the fractures were unimportant. They certainly are impor- 
tant and it does not do you very much good to spend a lot of time on the 
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soft tissue and then not take care of the fracture. On the other hand, | still 
believe that in the treatment of these, you may get a perfect result from a 
fracture standpoint, and then have a nice infection which will obviate all of 
your good work on the fracture. 

I think we ought to remember what Dr. MacFarlane said about the use 
of sulfanilamide. Certainly, I think it is a grand adjunct to surgery, but just 
like antiseptics, it is not the really important thing. The really important 
thing is the careful cleansing, the débridement of the wound, and we 
certainly should not expect miraculous results from the use of sulfanilamide. 

Remember what I said about not dumping large amounts of sulfanil- 
amide into the wound. 

Dr. Reggio’s statement on physiological rest is of a great deal of 
importance. 


| 


INTRACAPSULAR FRACTURE OF THE NECK 
OF THE FEMUR TREATED BY INTERNAL 


FIXATION 
AN ANALYSIS OF 128 CASES 
G. CAROTHERS, M.D. 
Attending Surgeon, Good Samaritan, St. Mary’s and St. Francis Hospitals 
AND 
Capt. NicHoras J. GIANNESTRAS, M.D. 


Attending Surgeon, St. Mary’s and Deaconess Hospitals 
I 


CINCINNATI, OHIO 


HIS is a report of 128 consecutive cases of intracapsular frac- 
ture of the neck of the femur in which the patients were 
treated by one method. It comprises all but seven cases hav- 
ing such fractures, which either of us have seen in the seven years 
covered by the report. The seven cases in which pinning was not used 
were patients who refused operation or the patient was obviously in 


a dying condition when first brought to our attention. Nevertheless, 
among those patients operated upon, tremendous risks have often 
been taken on very feeble patients. Many times we have been 
gratified to see an individual, who at first appeared to be headed for 
the grave, walk out of the hospital on his own feet. Our deaths occur- 
ring in patients while under treatment have been very few, and no 
patient has died within forty-eight hours after operation. 


PROCEDURE 


The operation has been described in previous papers and only a 
few points need be mentioned. In our early cases, the pins were 
introduced in a converging manner as first described by Austin 
Moore. We later got away from this idea, and for approximately the 
last 110 cases have tried to get our pins in as nearly parallel as possi- 
ble. We have also attempted to start the pins at a Jower point on the 
shaft than we did in the beginning. For this reason, we have some- 
times had to drill holes through the cortex of the shaft. There has 
been one other change in the operation and that is, instead of spin- 
ning the pins in, they have been driven in. We have devised an 
instrument consisting of a rod of steel into one of which the pin is 
screwed. This rod then acts as a handle, and with an ordinary 
hammer, the pin is driven home. 
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The results of this series are very gratifying. Only nine patients 
or 7 per cent have died while under treatment in the hospital. Chart 1 
lists these deaths and gives the cause in greater detail. 

The individuals operated upon in this series were nearly all quite 
elderly and many very feeble. The average age was 67.3 years, the 
youngest being thirty-five and the oldest eighty-nine. There were, 
however, five patients under forty years of age. It is interesting to 
note that three of these were patients in the Insane Asylum, the 
fracture occurring while under metrazol treatment. The fourth was 
injured in some kind of drunken brawl, the nature of which he cannot 
explain, and the fifth had many other fractures. Almost four out of 
five of our patients were females. The right hip was broken about as 
often as the left. 


RESULTS 


Anatomical Results. Fifty-nine cases have resulted in firm bony 
union proved by x-ray and rated by competent roentgenologists. 
Nine cases were rated as union forming on last x-rays available. 
Whether they have or will go on to firm union or not, we do not know 
as no further check has been made in this regard. Several are fairly 
recent and the others have been lost sight of. Twenty-six cases have 
been rated by us as clinically united, but in which no late x-ray Is 
available. In this group, however, function is excellent or good in 
every instance. The reason the check-up x-ray has not been obtained 
is, in all instances, because the patient refused to come in for such a 
procedure, generally with such a remark, “ My leg is all right. I don’t 
see why I should have another x-ray.” 

Sixteen cases have resulted in frank nonunion, the details of 
which are brought out in Chart 1. Two cases have been lost sight of 
and the net result is not known, and seven patients have been 
operated upon too recently to appraise. 

Boiling down these figures, when one removes the deaths and 
cases lost from sight or too early to appraise, we have a total of 110 


cases. 


No. | Per Cent 
Excellent clinical results without check-up x-ray.................. 26 23.63 


| | 
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Inasmuch as it is not probable that any of those put down as clini- 
cally united are really ununited, in view of the function, it is probable 
that the percentage of nonunion is adequately stated. However, 
listing those only in which definite x-ray evidence is available, the 
following figures are obtained: 


No. | Per Cent 


These sixteen cases of nonunion, however, bring out some interesting 
facts when studied more clearly. Chart 11 goes into this in greater 
detail. 


FUNCTIONAL RESULTS 


The functional results are as follows: 


| 
| No. | Per Cent 


There are several others which are not rated at all, either the 
patients died, the operations were done too recently or a mental 
condition or another disease has become superimposed upon the hip 
fracture, and the patient either cannot or will not even try to walk. 
Several such patients are known to have good bony union with 
perfect anatomical position. It might be assumed that the function 
would be excellent in these latter cases if the patients would or could 
walk, but we thought it better not to score these from a functional 
point at all. 

It is interesting to note in this connection that some of our cases 
of known nonunion function well, whereas in some of our cases of 
known union, the function is only fair or even poor. One of these 
deserves particular comment: 


This is Case No. 23, a woman forty-three years of age, who received a 
transverse central fracture of the neck of the femur in May, 1938. She was 
pinned on the day following the accident, was out of bed in five days and 
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home from the hospital in fourteen. For some fifteen months she did very 
well, walked without pain, limp or any loss of function whatsoever. How- 
ever, in the late summer of 1939 she began to develop pain in the hip and 
went to a surgeon in another city who believed and told her that one of the 
pins was too long and should be removed. She submitted to this operation, 
having all three pins removed, but felt no better. Her leg was strong and 
there was no shortening, but there was considerable pain. She finally 
appealed to me almost four years after the original operation with what 
she thought to be several inches of shortening, great limp and considerable 
pain. The x-ray shows a dead head, which has worn off to such a degree 
that abduction is impossible, and although there is no real shortening 
in this leg, the apparent shortening, because of this adduction deformity, 
is about 3 inches. This case represents one of four known dead heads in this 
series. The other three ended in nonunion. This one, however, united. 


There is another factor in these cases which is quite significant 
and that is the time element. The majority of patients were operated 
upon promptly. Three times the operation was done on the day of 
injury. All three of these patients did well. More frequently the 
operation was performed on the next or the following day. However, 
sometimes we have had to wait because of intercurrent conditions, 
in One instance as much as thirty days. This latter case also did well. 
In two cases which were done approximately sixty and seventy days, 
respectively, following the injury, nonunion occurred, one of which 
went on to union following a Schantz osteotomy. The Iength of time 
patients have remained in bed has usually been short. At least three 
patients have walked on their legs (without permission) on the day 
of operation, and all three of these went sn to good union. Many 
patients have been out of bed within three or four days and unless 
some intercurrent condition was superimposed, the average stay in 
bed was less than a week. Many of our patients bore some weight 
within less than a week. It is true that in many of these patients, the 
neck shortened a little, but it is equally true that in some of these the 
neck did not shorten. It is also true that in many of those who 
remained in bed for months, the neck sometimes shortened or some- 
times did not shorten. We believe that shortening of the neck is due 
to interference with the blood supply and not to early weight bearing; 
and that if it is going to occur (and one can never know this for 
certain), weight bearing on properly applied pins is probably an 
advantage. 

CONCLUSIONS 


We wish to present a method of internal fixation of fracture of the 
neck of the femur, which in our hands has been found satisfactory. 
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One must use good materials, and these materials must be intro- 
duced into a femur, the fracture of which has been accurately 
reduced, and so introduced that the fragments are held so firmly 
together that no other splinting is necessary. While our records of 
cases in which the result is accurately known show 78.66 per cent of 


NONUNION 


No.| Age 

I 45 

2 44 

6 61 

9 70 

12 51 

35 

58 890 
60 

63 40 

75 

87 67 

95 85 
105 

112 80 

113 83 


Cause of Nonunion | Remarks 


Gross infection | Has fibrous union with good function, about 34 inch 
shortening; walks well 


Des wy head Was first in a cast, complaining bitterly. of m pain. “The n 
pinned on tenth day after accident. Continued to com- 
plain bitterly of pain. Pins became loose in six weeks 
and patient was repinned. Continued to complain 
bitterly of pain for several months. Ended up with 
complete necrosis of the head, about 142 inches short- 

ening; walks fairly well and tends to business as 
merchant 


Dead hez wil Patient got along fairly well for several months and 

was walking. Gradually began to have pain. Pins 
loosened up and x-ray pe aah a dead head with 
upward slipping of the lower fragment. Patient had 
good function. Had pain for about one year which 
gradually subsided. Returned four years later; died of 
_ malignancy of kidney; was walking well at that time 


Failure of bones to grow ‘Pins became quite loose; patient already badly crippled 
with arthritis 


‘Dead head Patient complained bitterly of pain for about two 
months after pinning; walks well now but has con- 
siderable limp and considerable shortening 


Insane patient Insane patient; this was a metrazol case; patient 
already confined to insane asylum and still there; no 
co-operation 


Failure of bones to grow Patient was very feeble, walked on the pins for about 
a year. Pins then became loose and fracture fell apart. 
Was repinned but died a few months after this without 
ever gaining union; function for the first year very 


good 

Insane patient Metrazol case; had pneumonia; still confined to insane 
asylum 

Rheu musi art hiseie This confined her to bed for months before the fracture; 


complete nonunion; is still in bed but has no pain 
p Pp 


Pinned too had occurred many weeks before, impossible to 

injury know how long, as thz original i injury was probably an 
impacted one and the second injury of at least one 
month before, breaking the impaction 


Pinned too late following Patient pinned at least ten weeks after i injury, preceding 
injury which there had been no treatment; patient got union 
| with Schantz osteotomy 


Insane patient | No co-operation 
Improper introduction of | X-ray broke down at the time of operation and all 
pins | pinning was done blindly and was not done well 


Insane patient No co-operation 

No doubt hoes to o multiple | Patient became delirious, fell out of bed several times, 

injuries following pinning | had to be shackled, then jerked and pulled the shackles 
continuously; died in about three months of heart 
condition 


Failure of bones to grow Patient returned one month after pinning with throm- 
bosis of popliteal and gangrene of leg; did not survive 
amputation but it was apparent from condition of hip 
that union would not occur 


Ca 
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union, we believe that this figure is really entirely too low. There are 
several of our cases of nonunion in which union was not even ex- 
pected; two were definitely done too late. Other cases have failed to 
unite because of conditions beyond our control or what in view of 
our present knowledge appears to have been an inefficient application 
of the method. We firmly believe that when one is confronted with a 
new case, properly selected, it can be assumed that in at least nine 
out of ten times union will occur. 


DEATHS 
Case No. | Age siohasieibauei Day of Death Cause 
10 89 5 Uremia 
: 19 | 86 | 40 Inanition 
32 | 63 16 Coronary 
40 | 79 6 Pneumonia 
46 | 76 8 Coronary 
59 | 73 14 Coronary 
72 78 | 6 Pneumonia 
120 | 72 | 6 Cerebral accident 
DISCUSSION 


N. J. GIANNEsTRAS (Cincinnati, Ohio): Talking about fractured hips in 
Boston is like bringing coals to Newcastle. Some of these patients were 
interesting, particularly the ones we had at the insane asylum. The first 
individual I had was a “‘metrazol”’ fracture, and at the end of six weeks 
when we took our first check-up plate after the operative plates, I noticed 
that he had excellent union there and I happened to make that remark in his 
presence at the time, and he said, “Doctor, do you know how I got a good 
leg out of it?” I said, “No.” He said, “From the second day after the 
operation, I jumped off the bed onto the floor so my leg would get good and 
strong.” Perhaps you can imagine a man who weighed about 160 pounds 
jumping off the bed, about three feet high, onto a concrete floor and those 
pins holding. They seemed to do the work. 

There is another interesting thing about this procedure, and that is the 
possibility of getting them up much earlier. Dr. Carothers had a case of a 
diaphragmatic hernia in which he was told that he would have to pin that 
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hip right away because if that woman did not get up, she would not be able 
to eliminate properly because of the diaphragmatic hernia, and that she 
would get in trouble. I believe that she was able to sit up and was up in 
about three or four hours after the operation. 

Now, as Dr. Carothers mentioned, there is nothing new about pinning 
but it is simply the method of fixation. We have seen cases in which the 
neck has shortened but because the pins are parallel, they have either gone 
into the acetabulum for a slight distance, and then even though in some 
instances the pins have been impinging upon the acetabulum, it does not 
seem to make any particular difference and does not seem to cause any 
particular pain in that individual. In other instances, pain has been induced 
by impingement of the pins in the acetabulum and they have been removed. 

Another observation is that, of late, they have found that it is sometimes 
a good idea to place the head in a little valgus position in comparison to the 
neck so that when the patients are up and around, they get a more definite 
thrust rather than a shearing stress at the point of fracture, and thus 
probably help in union. 

E. Payne Patmer (Phoenix, Ariz.): This excellent paper and the 
splendid discussions leave very little to be said regarding the fracture itself. 
The medical profession is derelict in its duty when it does not explain to a 
patient who has a fracture of the neck of the femur that a large percentage 
of these patients are going to have crippling, that the percentage of satis- 
factory results has been increased by the various methods that are being 
used but we still have this percentage which is appalling, and as Dr. Speed 
says, this is still an unsolved problem. 

So if this organization could do anything toward directing the profession 
as a whole to tell these people, when they get a fracture of the femur, and 
to tell the family, that there is going to be a percentage of failure which they 
have to anticipate, it would do a lot to unload the responsibilities of the 
man who treats fractures of the neck of the femur. Please remember this. 

CapTAIN BoaRDMAN M. BoswortuH (New York, N. Y.): I hesitate to 
impose upon you by taking the floor, and my only excuse is that in a way 
I represent another man. I am speaking for Dr. Preston Wad, a member of 
this organization, without his foreknowledge and consent, so I hope my 
remarks will not be taken too seriously. 

There are just two or three questions that I wish to put to Dr. Carothers. 
The first is, do you use three pins all the time, or do you sometimes use 
four? I ask that particularly because we have had the sad experience in two 
cases of having the pins break within the first six months or a year, and in 
one of those cases the distal half of the pin we found located right in front 
of the bladder when we went to remove it. I wonder whether you have had 
the experience of pins breaking, and also whether you have had any of your 
pins wander out the other way, in other words, extrude themselves. 

I also did not understand exactly how long your average follow-up was. 
At the City Hospital where Dr. Wade and I are on the staff, on Dr. Ban- 
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croft’s staff, for the past five or six years we have had the privilege of 
handling all the fractured necks of the femur that came in on Dr. Bancroft’s 
service, and as a matter of fact we are right in the middle of preparing a 
paper to give the follow-up results on 200 cases of fractured necks of the 
femur, both intracapsular and intratrochanteric, which we had nailed 
during that time. Unfortunately, that paper had to be postponed, but these 
questions arise as a result of our experience in that work. 

I would like very much to have Dr. Carothers say whether he has a 
definite time at which he urges his patients not only to get out of bed, but to 
bear weight, first with crutches, and secondly at what time he likes to have 
them begin complete weight-bearing. Our policy has been what I presume 
his is, to get the patients out of bed and active as soon as possible. In other 
words, we have our patients, on the average, out of bed either the next day 
following operation, or the second day, with very few exceptions, and we 
have them up either on crutches or on a creeper within the first ten days to 
two weeks. 

Then in the technic, I was very much interested in the angle iron with 
the holes in it that was shown. That struck me as a very clever arrangement. 
It had not occurred to us. We have been using two pennies, one of which we 
apply with adhesive over the major portion of Poupart’s ligament. The 
other we place over the femur where we think we are going to put our pins 
in, and then we take our x-ray before operation, and those two penny marks 
are fixed with gentian violet or similar dye before the patient is prepared. 
We use those as guides very satisfactorily. 

Finally, I may say that we, too, have had some experience with insane 
patients. Both of us have taken trips out to Kings Park Hospital on Long 
Island to nail hips which have been fractured by metrazol. 

KENNETH M. Lewis (New York, N. Y.): I would like to confirm an 
observation that Dr. Carothers made. At Bellevue we have been using 
Smith-Petersen nails. We have tried to get ambulatory Thomas splints for 
our patients to walk in, and we have always tried to avoid early weight- 
bearing, apropos of Smith-Petersen’s dictum that when they do bear 
weight, there is a shearing force and a compression force between the frag- 
ments. Unfortunately, we cannot get ambulatory splints for all of them and 
they are put on crutches, and we have had a fair number of them—I should 
say fifteen or twenty of them—who simply would not use their crutches. 
They would be gotten out of bed and for the first few days would be in a 
wheel chair, but they were walking at the end of possibly a week or ten 
days, and I would come on the wards and see some of these people with their 
crutches over their shoulders, parading up and down the wards. 

When the first few were observed, I was sure something was going to go 
wrong, but surprisingly enough, every one of those cases got union, and 
some of them got union very rapidly. This is the first observation I have 
ever heard made confirming the findings that we have had in a few cases. 
Why they get union any more rapidly than the others, I do not know. Ac- 
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cording to Smith-Petersen’s idea of a shearing force, that should interfere 
with union, but in these cases of ours we have had the same experience that 
Dr. Carothers has had. 

H. Gurtu Pretry (Montreal, Canada): Dr. Carothers’ paper has 
interested me very much, and particularly the fact that he has made refer- 
ence to his follow-up cases in a period of five or six years. We have been 
reviewing some of ours in the last two or three months, and in the follow-up 
there are two points that I think are worth mentioning: First of all, in a 
group of about seventy-five cases, using a single pin, we have had four cases 
that have developed an adventitious bursa over the head of the nail, and 
that developed in a period of about eight months or a year; and by excising 
the bursa or extracting the nail at about eighteen months’ time, our difficul- 
ties ceased. 

On reviewing several of our cases which have gone a period of six years, 
we have been surprised to find that in three of them, they are developing a 
small triangular aseptic necrosis of the head at the apex of the nail. The 
union is perfect, the lines of stress and force are perfect, and in only one 
case did this individual complain of a suggestion of pain. The others had a 
slight click. But the interesting thing is that at the apex of the nail, in two 
cases in which the nail had been extracted, one in which it had not, there 
was this little triangular area of aseptic necrosis. 

In checking up a group of old cases that had been treated by the 
Whitman method, or modifications of plaster, and looking over those, over 
a period of six and eight years we found that some of these had a similar 
condition but instead of occurring at the apex of the nail, it was occurring 
on the interior border of the neck, or rather the head. 

I merely bring this up as an interesting point because we are interested 
to see what is going to happen and it may come to the point that we may 
have to do a reconstruction operation sometime in the future or put In some 
of the vitallium cups. 

WitiiamM Darracu (New York, N. Y.): I think it is hard for anybody 
to keep quiet on hips. I think it is still an unsettled problem. We are strug- 
gling to find an answer and we are still in doubt about a good many details. 
You think you get an idea along one line, and then you talk to somebody 
else and he brings in some more facts and things and it unsettles you. 

I have been distinctly unsettled by the discussion this morning, and 
I am beginning to wonder about two points. I think it is quite outstanding 
that the author has had only one flat head in a series as large as that. We 
certainly can beat him on that because we have had a great many more flat 
heads develop during the second, third and fourth years, and because of 
that, | am wondering whether the three or four pins may not be a better 
bet than the Smith-Petersen pin which we have been using. 

The other disturbing factor to me is the early weight-bearing. We have 
been fairly convinced that the percentage of flat heads, with or without 
bony union, is greater if the cases start weight-bearing early. I do not know 
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whether we are right or wrong, and as the figures are coming in from a good 
many places where early weight-bearing has been followed out, we are 
beginning to wobble in our position that at least six months should be 
allowed before any weight-bearing is tried. That, I do not know. 

There is one thing I do know though, and that is we are delighted with 
the improvement in our results since we gave up using caliper splints in the 
upper treatment. The more I think about the caliper splint, the more ideal 
I think it is as one method of destroying any union that may be starting. 
The ring of the splint makes a beautiful fulcrum right over the site of 
fracture, not only for flexion, extension and abduction but rotation, and 
I think that our earlier experience using the caliper splint was perhaps one 
reason why our earlier results were not as good as they should be, and were 
not as good as they have been more recently since we gave up the caliper 
splint. 

Of course, no matter how firmly you lay down the rule to these people 
that they must not bear weight, a great many of them do, so we are sneak- 
ing in a little series of early weight-bearings against our advice, but it is 
going to take another good many years to be able to tell what is the main 
reason for the late changes that come and disturb us and give painful hips, 
becoming more and more difficult and painful as the years go on. 

I got another jounce from Dr. Gordon, and that is that perhaps the 
biochemist is going to help us. He spoke of these old ladies whose spines 
begin to decalcify and they get more and more kyphotic and compress two 
or three vertebrae, and he pointed out the similarity between those and the 
old ladies who break their hips, and the decalcification there and the later 
troubles in the heads may be in the same group. I think if they can help us 
in those cases of back injuries, they may help us on the hips. 

Just to sum up, I have no firm convictions today, any more than I had 
thirteen years ago when I began to nail hips, but I think it is an interesting 
problem and I think we are learning something every year. I think Dr. 
Carothers has contributed a very real something with this series which he is 
reporting. 

CHARLES S. VENABLE (San Antonio, Texas): There is one thought that 
I would like to inject into this discussion; that is, postoperative posture in 
avoiding adduction. The point of complete rest of the neck of the femur is 
with the inner condyle of the femur in a line with the superior spine. That 
is a neutral point. When those patients are permitted to drag the leg in 
adduction, you are putting a fulcrum right on the top of the fracture, and 
if they keep doing that, they may work the nail or the pins, or whatever 
you have, out. I have seen it occur. I have seen two cases in which I had to 
put a nail in, but the patient would not maintain that reasonable position, 
so I put a simple hip spike on. I am permitting them to be ambulatory with 
crutches, with minimum weight-bearing, driving it back because in adduc- 
tion they do that. I have seen two cases of bent screws or nails just from 


that. 
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Ratpu G. Caroruers (closing): I want to thank the gentlemen very 
much, and I hope I will answer all the questions. 

In regard to early weight-bearing, let me repeat, of all those cases that 
did well, 80 per cent bore weight early, within a week or ten days. Of those 
who did badly, only 20 per cent bore weight within that time. 

We have attempted in every case to get a little valgus deformity in our 
reduction. We have not always succeeded but we have tried to do it. We 
have tried in every case to get the pins very low, and we hope that in these 
instances we have so pinned the hip that there is not a shearing force but a 
pressure force; and for those reasons, I believe the neck will shorten some- 
times, no matter whether they bear weight or not. 

I have one case of a greenstick fracture of the forearm of a child, in 
which the check x-ray, when we finished with it, showed an absolutely 
hair-line fracture with perfect position. It was put in a plaster cast and six 
weeks later when the cast was taken off, there was several millimeters’ 
distance between the ends of the bone. The ends of those two fragments had 
sloughed and there was no weight-bearing, and it was in good firm platers 
all that time. 

I have seen the same thing when transverse fractures have been treated 
with plates in which the ends of the bone slough and the plate holds the 
fragments apart, thereby preventing the collapse of the fragments but also 
preventing union. But in this sort of thing it will not happen. 

I cannot agree with Dr. Speed—and I know I am going out on an awful 
limb to disagree with him—about this early weight-bearing, but we learn 
from some crazy people. Some of our bad luck came in the insane, but some 
of our very best luck came with those who bore weight early; and one of the 
very early good cases that we had was walking right down the hall that 
same night she was operated upon. That has happened on several occasions 
and the bones have united, so we began getting them up after that, and 
getting them up early, and we have had far better luck since we did that. 
Our bad results are mostly in the beginning. 

Now, the biochemist is going to come into this thing some way or other, 
and I do not know just how, but the first good case I had, and the first good 
case In this whole series, was the elderly lady that Dr. Giannestras spoke 
about who had the diaphgramatic hernia and also had pernicious anemia 
and diabetes. She was getting liver, and I think was getting hydrochloric 
acid and insulin. Whether they had anything to do with it or not, I do not 
know, but that old lady lived for four years and I know her hip was good at 
the end of four years because I got a check picture on it and I talked to her 
about it. 

We have had some pins come out. Some have been loosened up and have 
extruded. They have been mostly those pins that were put in in too trans- 
verse a fashion, too high up, and it is in that converging pin situation where 
you do get a wiggling like that, but when you have it sliding on it nothing 


CAROTHERS, GIANNESTRAS—FEMORAL FRACTURES 403 


happens. If you get it up that way, then it does loosen. None have gone into 
the pelvis, none have broken. And please do not call them wires. That is not 
a wire. You cannot buy this pin. You have to make your own to make a 
good one. It is an 18.8 stainless steel that is properly rolled and you 
cannot break it. Since we got them rolled right, none of them have even 
bent. 

The follow-up has varied from seven years to a few months. Those that 
have been done within three months have been put down as too early. The 
weight-bearing has been anywhere from a few hours to never, but in 
the good cases, it has almost always come within a week or ten days. The 
average case is gotten out of bed the next day and is bearing weight with a 
walker, crutches or some sort of thing within a week to ten days. Of course, 
some people cannot get out of bed. Half a dozen of our cases had strokes 
when they fell and were paralyzed. Some fell with an attack of angina and 
their physician made us keep them in bed, and so we could not get them up. 

We have used no type of external splinting of any sort whatsoever. We 
have in our intertrochanterics. That is another story. We have used some- 
thing to keep them from rolling out. 

I do not know why we have had less head flattening. Maybe we will get 
some more, but we just have not had it; and I do believe that these pins do 
not chew up the head quite as much as a Smith-Petersen nail does. 
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HE physiological process of bone repair following fracture is * 

a complicated one.? It may be summarized briefly as: (1) 

Hemorrhage in and about the fracture; (2) decalcification and 
resorption of devitalized bone; (3) ingrowth of granulation tissue 
about the fracture; (4) formation of osseous and, to a variable 
degree, cartilaginous matrix; (5) calcification and organization of 
this matrix to form bony union, and (6) shaping of the new bone to 
its final contour. 

Roentgenological examination can accurately demonstrate only 
part of this process,—namely, alterations in the amount and dis- 
tribution of calcium in the region of the fracture. The other phases of 
bone repair can, however, be largely inferred by the roentgenological 
appearance with the understanding that the changes visible on the 
films are gross and lag considerably behind the histological process. 
If serial roentgenological examinations are made, keeping in mind 
the above physiological processes, a decrease in the density of the 
fracture margins will be seen at about the tenth day. This, we 
believe, represents the decalcification and resorption of devitalized 
bone which is a preliminary step in bone repair. After two or three 
weeks, or sometimes earlier in children, we may see calcification in 
the matrix surrounding the margins of the fracture which is termed 
callus. This 1s the fusiform calcification which we are eager to see and 
which reassures us that healing is progressing normally. This type of 
callus is termed external callus. 

At the same time a similar process is taking place between the 
margins of the fracture, uniting the contiguous surfaces. This callus 
is known as internal or intermediate callus and is not as clearly 
visible in the roentgenogram as external callus due to the density of 
the adjacent bone and absence of a soft tissue background. External 
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callus, on the other hand, is thrown into relief by the surrounding 
radiolucent soft tissues and can be seen earlier and more clearly than 
internal callus for this reason. 

‘The roentgenological visualization of external callus is important 
for the following reasons: (1) Its presence reassures the physician and 
the patient that healing is taking place. After checking the position 
of the fragments, the next question of the physician is, Does the 
x-ray show any callus? By this he usually means external callus. 
(2) The appearance of callus gives some indication of when it is safe 
to remove splints or other apparatus. (3) It offers a guide as to when 
the injured part may resume function. (4) The presence and charac- 
ter of external callus is sometimes used to determine the lapse of time 
since injury. This is frequently important in medicolegal work. 

The appearance of external callus is so well known that its further 
description here is not warranted. Its presence may be comforting, 
but its absence does not necessarily mean that union will not take 
place. 

An occasional fracture in any location may heal without visible 
external callus though this is exceptional in the shafts of Jong bones. 
The purpose of this paper is to call to attention a certain group of 
fractures which heal promptly, but do not show external callus 
formation as a part of the healing process. 

When fractures are healing without external callus, it is impor- 
tant to recognize such healing for the following reasons: (1) If it is 
inferred that union is not taking place simply because no external 
callus is visible roentgenologically, the physician and patient may 
become unduly discouraged. (2) If union without external callus is 
not recognized, splints or other immobilizing apparatus may be 
employed over an unnecessarily long period of time, thereby increas- 
ing atrophy of bone and soft tissue. (3) Medicolegal testimony in 
which the age of a fracture is estimated by the absence of external 
callus only, may be fallacious. 

One of us (R. G. V.) has previously described the repair of linear 
fractures of the bones of the cranial vault in which healing occurs 
without visible external callus.‘ 

A recent extensive roentgenological study of phalangeal fractures 
showed no callus formation about fractures of the terminal tufts 
although these fractures practically always united.* These fractures 
are very common in industry and they may be clinically well in three 
weeks but show no union roentgenologically for several months. 
Thus many days of labor may be lost if the patient is not returned to 
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work before there is roentgenological evidence of union. This is very 
important in these days of labor shortage. 

It is well known that fractures of the vertebral bodies heal with- 
out roentgenological evidence of external callus. 

Observation of a large number of fractures led us to believe that 
fractures involving joints or within joint capsules were also prone to 
heal without the formation of external callus visible in the roentgeno- 
gram. Accordingly, a review of six hundred cases of fracture was 
made in an attempt to ascertain the presence or absence of external 
callus in such fractures. Of these six hundred cases, seventy-two were 
selected for critical study according to the following criteria: (1) Only 
fractures which lay within or extended to a point within a joint 
capsule were included. (2) Only cases with examinations at proper 
intervals to demonstrate callus and with films of a quality that would 
show a small amount of callus were included. 

Obviously a large number of cases were excluded because of heavy 
casts or other apparatus which obscured the region of the fracture, 
because a portable machine was used, or as in the case of fractures of 
the lateral malleoli, only a follow-up examination was made to 
determine position. 

The films of the seventy-two selected cases were studied with 
particular attention to callus formation. The following points were 
noted in this study: (1) No external callus was seen at any time 
about any fracture margin which was within a joint capsule. (2) No 
external callus was seen in fractures of the tuberosity of the humerus 
where the tuberosity alone was involved or in fractures of the 
malleoli below the level of the tibio-astragalar ligament. Frequently, 
no external callus was seen in the above locations even when the 
fracture line extended considerably beyond the joint capsule. 

In those patients in whom healing took place without external 
callus the first roentgenological sign of healing was an increase in the 
density of the fracture line accompanied by a decrease in the sharp- 
ness of definition of the fracture margins. This change could be 
detected after an average period of four weeks which is later than the 
average appearance of visible external callus. 

Further healing, following the initial increase in density consisted 
of a gradual obliteration of the fracture line with formation of new 
trabeculas to join those of the adjacent fragments. There is marked 
variation in the time required for this process ranging from eight 
weeks to eight months. The degree of separation of the fragments 
plays a very important rdéle; the greater the separation the larger the 
time necessary for complete healing. 
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No conclusive explanation is available for the lack of external 
callus within joint capsules although an inhibitory action has been 
attributed to synovial fluid.1 The lack of an explanation does not, 
however, alter the fact that external callus is inhibited in these 
locations. In the clinical care of patients with fractures involving 
joints, it is important to recognize that such fractures can heal with- 
out external callus being visible roentgenologically at any time in the 
course of repair. 


CONCLUSIONS 


1. Fractures in all locations may heal firmly and promptly with- 
out showing external callus visible by roentgenogram. 

2. Healing without visible external callus is the rule in those 
fractures which lie within joint capsules. 

3. Healing without visible external callus frequently takes place 
in fractures which extend into joint capsules even though part of the 
fracture lies outside of the capsule. 

4. It is fallacious to assume that a fracture is of recent origin 
because visible external callus only is absent. 
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Puitip H. KreuscHER (Chicago, III.): The paper by Dr. Vance was 
interesting to me because of the fact that I have been in error on many 
occasions, I suppose most of us have, in saying that some of these patients 
were actually not healed, and we have been in error in not permitting the 
patients to go back to work or to go back to their usual job in the time 
when we really should have known that they were healed. 

The medicolegal aspects come into the picture. It is difficult to convince 
a jury, and it is a very difficult thing to convince a Commissioner in an 
Industrial Commission, an Arbitrator, that a fracture is healed when there 
is no definite external callus. They have been taught, or at least they think 
they know, that there must be an external callus before the thing can be 
healed. 

I should like to ask Dr. Vance if he has had any experience with a 
refracture in some of these cases. In other words, does a refracture take 
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place more commonly or with less provocation than where there is actually 
a good deal of external callus present? 

Congenital defects, I believe, must be considered in all of these cases, 
but I should like to make one point and that is, when a patient has one 
congenital defect, such as a clubfoot or hairlip, or some other congenital 
defect, look out for some defect also in his spine or some other part of his 
skeleton. When you have a patient who has a spina bifida occulta or has 
some other congenital defect in the spine, look out for a congenital mal- 
formation of one of the vertebrae also, even an absence of one of the 
vertebrae. 

CHaRLEs S. VENABLE (San Antonio, Texas): In speaking of Dr. Vance’s 
paper and the question of callus in fractures about the joints, I rather think 
that it is important for us to recognize that we should not expect callus 
about spongy bone as we do in diaphyseal bone. We may find a line of union 
as it goes by the progressive deposit of lime salts in the fracture site, but in 
the thinner cortex of harder bone about the spongy bone, the process is a 
different one and it is a much slower process of union. 

As you go further into the shaft from a fracture, you see the callus about 
the fracture in the lower third of the fibula, while you do not see any callus 
at the malleolus in a femur. I think that is true in fractures of the neck of 
the femur. We hear it said, “I do not see any callus.”’ I do not think you 
ever see any callus about the neck of the femur unless it is in malposition. 
If it is in malposition, you begin to have a pile-up of malleable bone which 
makes for callus. But in proper position, I think you only see it through the 
line of fracture in deposit. I think Dr. Vance has done an excellent job in 
emphasizing that to us in our reading of x-rays. 

Henry C. Marste (Boston, Mass.): Before you close the discussion, 
Dr. Vance, I want to ask one question. Dr. Darrach and Dr. Murray in 
New York have us plating tibias and femurs so perfectly that after they 
have been plated, the patient gets well and walks around and we never see 
any callus. Does that fall into the same category? 

Rosert G. VANceE (closing): When I showed you that humerus, I called 
attention to the fact that any bone anywhere may heal that way. I do not 
know why. 

I wish to thank Dr. Kreuscher and Dr. Venable for their discussion of 
my paper. In reply to Dr. Kreuscher’s question about refracture, we have 
not seen refractures commonly in that type of fracture in which healing has 
occurred by internal callus. 
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SOME OF THE USES OF THE CUTIS GRAFT 
IN SURGERY* 


Joun E. Cannapay, M.D. 
CHARLESTON, WEST VIRGINIA 


N December, 1941, I read a paper! at the Pinehurst meeting of 
the Southern Surgical Association on some of the uses of the 
cutis graft in surgery and reported a series of illustrative case 

reports. Since that time I have had further experience with this 
method and am making an additional report. 

This method was apparently first used by Loewe,? later by Rehn,?’ 
of Germany, and later stil] by Eitner,* of Austria, in plastic and 
reconstructive surgery. It has apparently been used more generally 
and frequently in Germany than elsewhere. Rather extensive use has 
been made of the cutis graft by many of the leading plastic surgeons 
of this country. Among them are Blair,® Brown,‘ Byars,’ also Davis,’ 
Ivy,? Fomon,” Bames,!! Straatsma,!? Smith,!* Peer!* and Paddock. 
Uihlein,” after checking over 104 cutis graft cases that underwent 
operation by Rehn at the University Clinic of Freiburg, was able to 
trace eighty-four patients. The late results in seventy were good; in 
fourteen, poor. While this method has been used to a considerable 
extent in Europe it has not recetved much attention from general 
surgeons in the United States. 

Rehn" and his co-workers, from their experience in animal experi- 
mentation, and with the clinical use of the dermal graft, arrived at 
the conclusion that cutis graft tissue takes on the function and char- 
acteristics of the tissue that it replaces; to be more specific, that it 
may be converted into tissue resembling tendon or that it may 
assume the characteristics of the various muscular aponeuroses of 
the abdominal wall. 

The usual fate of the cutis graft that has healed in the body 
tissues is that of a slow conversion into fibrous tissue. Peer” and 
Paddock, in the course of a large series of nasal reconstruction opera- 
tions, stored pieces of derma along with cartilage beneath the skin 
for varying lengths of time, from two weeks up to two years. Histo- 
logical sections were made from these and studied. They found that a 
gradual process of degeneration of the normal skin structures took 

*From the Surgical Department, Charleston General Hospital, Charleston, West 
Virginia. 
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place, that the sweat glands and the hair follicles were the first to 
disappear and that a gradual infiltration and replacement by fibrous 
tissue took place. 


Fic. 1. Large incisional hernia Fic. 2. Hernia ten weeks after operation. 


previous to operation. (From (From Ann. Surg., vol. 115, no. 5, May, 
Ann. Surg., vol. 115, no. 5, 1942.) 
May, 1942.) 


Cutis graft material can be readily prepared by anyone who is 
accustomed to the use of the skin graft knife. It has the merit of 
being easily obtainable at all times and of being more readily avail- 
able than fascia. It is superior to fascia in many respects. Some have 
suggested that its use might lead to the formation of epidermoid 
cysts but the observations by various European surgeons over long 
periods of time, likewise those of various plastic surgeons in this 
country, have shown that with proper technic such possibilities are 
apparently too remote for very serious consideration. It has been 
definitely proved that the cutis graft gives strong support from the 
beginning of its placement, that it heals in promptly and that it is 
gradually converted into fibrous tissue and remains as a definitely 
firm support wherever it has been placed. 


OPERATIVE TECHNIC 


The operative procedure for the use of the cutis graft is essentially 
similar to that used for implantation of fascia. After the defect has 
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been surgically exposed and repaired as well as possible by suture 
methods, a graft of suitable shape and size is taken from the antero- 
external surface of the upper third of the thigh, (although the skin 


= 


Fic. 3. Large inguinal hernia. 


from other areas may be almost assuitable), the epidermal layer being 
cut away in a thin sheet with a skin graft razor, after which an area 
of derma of suitable shape and size is outlined and removed from its 
bed. A thin layer of subcutaneous fat may or may not be left on the 
undersurface of the graft. This particular detail apparently makes 
but little difference. The graft is fixed in place in firm tension with 
interrupted sutures usually of No. 40 cotton thread. A moderate 
amount of sulfanilamide, also sulfathiazole, is routinely placed 
underneath as well as above the graft. Usually not more than 2 to 
3 Gm. of each is used in the average incisional hernia repair. Great 
care is taken to suture the subcutaneous structures in such a manner 
as to obliterate as nearly as possible all dead space in the region over 
the graft. No. 70 or No. 80 cotton thread is generally used for this 
purpose. In many cases, and especially when the graft is large, a bite 
is taken by the needle about the center of the graft by each individual 
suture crossing that area. 
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While the cutis graft transplant is often used as a reinforcement 
for defective structures, the graft may be satisfactorily used to bridge 
serious and extensive defects. Where unusual strength is required, a 


Fic. 4. Large lower abdominal incisional hernia previous 
to operation. 
double thickness graft can be used with gratifying results. Through- 
and-through tension sutures are not used in these wound closures. 
Skin clips are applied, also fine superficial intervening sutures are 
used to approximate the skin edges. The suturing throughout the 
wound, likewise ligation of bleeding points, is carried out with due 
regard to principles laid down by Kocher" and later emphasized by 
Halsted" with reference to the use of sutures and ligatures. 

When making use of the graft in connection with the repair of 
inguinal hernias we usually suture the deeper structures to Cooper’s 
ligament, etc. The graft is then sewn in place and covered by the 
aponeurosis of the external oblique. 

Although Rehn” advised keeping large hernial repair cases in bed 
for from six to ten weeks subsequent to operation, we have found this 
procedure to be quite unnecessary and usually encourage our patients, 
regardless of the size of the hernial opening, to be out of bed at least 
twice each day subsequent to the day of operation without untoward 
results. 

The indications for the use of cutis transplants are essentially 
those for which fascia has been formerly so universally used. More 


ngs 
P e 
é 
| 


CANNADAY—CUTIS GRAFT IN SURGERY 413 


especially is it indicated for the repair of large hernias of any type in 
which the openings are so large or the adjacent structures are so weak 
or defective that a satisfactory repair cannot be made by the usual 


Fic. 5. Cutis graft being sutured to rectus aponeurosis. 

(From Ann. Surg., vol. 115, no. 5, May, 1942.) 
overlapping methods, joint lining material in arthroplasties, the 
replacement of damaged dura, the filling out of defects in various 
parts of the body, more particularly about the head and face, as 
strong permanent autoplastic suture material wherever it may be 
needed, the replacement of damaged tendon, the suspension of the 
uterine cervix in cases of marked uterine prolapse, the reconstruc- 
tion or reinforcement of weak or absent ligaments, the approxi- 
mation of bone fragments in the treatment of fractures, either total or 
stage ligation of large blood vessels. 

My surgical associates and I in the Charleston General Hospital 
have made use of cutis grafts in a total of thirty-seven cases, as 
follows: Taree recurrent epigastric hernias (in one of these a small 
hematoma was evacuated a few days after operation); seven large 
incisional hernias of complicated types, not considered satisfactorily 
operable by the usual methods; seventeen direct and indirect 
inguinal hernias, which were either recurrent or in which the struc- 
tures were so defective that satisfactory results could not be expected 
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by the usual types of repair, (of these last seven were operated by 
Dr. Bankhead Banks; one by Dr. Hugh Bailey; two by Dr. Victor 
Skaff, and seven by myself), all with apparent good results. In two 


OF EXT. OBLIGE 


Fic. 6. Cutis graft reinforcement for inguinal hernia with defective 
structures. (From Ann. Surg., vol. 115, no. 5, May, 1942.) 


cases cutis graft material was used to fix the uterine cervix to the 
undersurface of the rectus aponeurosis just above the pubis for the 
relief of uterine prolapse; in one case to secure in position an osteo- 
periosteal graft for non-union of an ulnar fracture; in one case for 
partial ligation of the femoral artery; in one case of double fracture 
of the patella; one case for replacement of torn dura; one case of 
abnormal mobility of the knee associated with defective right lateral 
ligaments, to support the bowel in two cases of sigmoid colostomy; 
one case of luxation of the acromial end of the clavicle. 

In two of the cases enumerated there were mild infections. In one 
case a small superficial serum pocket developed but healed in about a 
week. In another case a moderately sized serum pocket developed in 
the subcutaneous fat. This persisted until the pocket was laid open 
after which it rapidly filled in by granulation. In none of the afore- 
mentioned cases was there any interference with a satisfactory end 
result. 

CASE REPORTS 


CaseE!. B. P., a white male, age fifty-one, was admitted to the hospital 
May 27, 1940, with a very large epigastric hernia. The bulge on deep expira- 
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tion was fully 414 inches across. He had a small ulcerated area over the 
hernia, apparently due to friction from his clothing. A wire screen was 
placed over this and the patient was kept in the hospital for three weeks at 
the end of which time healing had taken place. 


m. Plantaris Patella 
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Fic. 7. Anatomy and cutis graft repair for unstable knee due to defective external 
lateral ligaments. 


On July 9, 1940, the hernial sac was excised; the parietal peritoneum 
was closed by overlapping. The edges of the muscular aponeurosis could not 
be approximated. A cutis graft from the thigh was sutured over the defect. 
The patient had an uneventful convalescence. A recent check shows no 
evidence of recurrence. He returned to his former occupation of coal loading 
several months ago. 

Case ul. T.L. K., a white male, age sixty-nine was admittted to the 
hospital April 19, 1941, for repair of a large lower right incisional abdominal 
hernia. He weighed 170 pounds; his blood pressure was 170 systolic, 110 
diastolic. The size of the hernial bulge was approximately that of an average 
baby’s head. 

At operation on May 8, 1941, the hernial sac was found to contain 
several loops of small bowel. The opening in the aponeurosis was approxi- 
mately 4 by 2 inches. This was closed by use of a cutis graft from the 
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patient’s thigh. Up to the time of his death from coronary sclerosis in 
May, 1942, no sign of a recurrence had been noted. 

Case. J. H. E., a white male, age fifty-eight, was admitted to the 
hospital December 30, 1941, with a very extensive incisional hernia in the 
right upper quadrant, following a gallbladder operation two years previ- 
ously. There were five separate pockets in the hernial area. 

At operation on January 8, 1942, two cutis grafts were used. The first 
was taken from the redundant tissue in one of the wound flaps and was 
sutured to the posterior fascia and parietal peritoneum. The remains of the 
fascia were sutured over this graft. A second cutis graft, from the right 
thigh, was sutured to the aponeurosis surrounding the hernial opening. The 
patient was discharged January 16, 1942. To date there have been no signs 
of recurrence. 

Case iv. H. M., a white woman, age forty-two, height 5 feet 2 inches, 
weight 284 pounds, with a blood pressure of 220 systolic and 120 diastolic, 
had a large lower abdominal incisional hernia following cesarean section 
done elsewhere several years previously. 

Operation was performed on May 6, 1942. There was an enormous 
hernial sac involving mainly the right side of the lower quadrant. When the 
patient was standing this sac extended within 3 or 4 inches of the knee. 
After mobilizing the hernial sac and excising most of it, the hernial opening 
in the abdominal wall was found to be 514 inches across. By plicating the 
remains of the hernial sac and by utilizing interrupted sutures it was possi- 
ble to bring the edges of the aponeurosis in approximation but not to overlap 
them. The suture line was then reinforced by a running cutis whipstitch 
for the entire length of the opening. This strip of cutis was taken from the 
edges of the operative incision. 

She was discharged from the hospital May 27, 1942, at which time the 
incision was apparently well healed. A recent inquiry indicates that this 
patient remains in good condition. 

Casev. R.B., a white male, age twenty, was admitted to the hospital 
July 13, 1942, with a compound depressed fracture of the left parietal 
region. His blood pressure was 130 systolic and go diastolic. There was a 
deep scalp laceration of the left parietal region. X-ray examination indi- 
cated that a portion of the depressed bone had been driven into the brain 
for the depth of about 1 inch. 

Operation was performed on July 13, 1942, by the surgical resident, 
Dr. Victor Skaff. The traumatic incision was débrided and elongated. The 
depressed areas of bone were removed. A considerable amount of brain 
tissue escaped. The lacerated meningeal artery bled freely and was con- 
trolled by electrocoagulation. The area from which the bone was removed 
was about 134 inches in diameter. Since a considerable portion of the dura 
had been so badly lacerated that it could not be satisfactorily closed, 
a cutis graft was taken from the left thigh and sutured over the damaged 
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area of the dura. When in place the graft covered most of the opening 
in the skull. The temporalis muscle was sutured over the graft and the 
scalp was closed with interrupted sutures. The patient had an unevent- 
ful convalescence and was discharged from the hospital July 24, 1942, 
apparently in excellent general condition. When seen about six weeks later 
the area over the bony defect that had been covered by the graft was quite 
firm to the touch. It was apparent that the cutis graft had in considerable 
measure formed a protective covering over the area of brain that had been 
exposed. 

Case vi. L. S., a white woman, age fifty-eight, was admitted to 
the hospital August 3, 1942. She had a large, lower abdominal inci- 
sional hernia that had followed an abdominal operation performed about 
fifteen years previously. Her blood pressure was 180 systolic and 110 
diastolic. 

At operation on August 6, 1942, the patient’s hernia was approximately 
12 inches across. It was found that there were four distinct hernial openings 
rather closely linked together. The size of the wound after the different sacs 
had been mobilized was 1014 inches in its greatest diameter. The opening 
was partially closed by plicating sutures after which a large cutis graft was 
taken from the redundant skin over the hernial mass on the left side of the 
abdominal wall and sutured in place. This graft, when sutured in position, 
covered all four openings and extended about 14 inch over the aponeurotic 
edges. The patient was discharged from the hospital August 27, 1942, with 
the incision well healed. A recent check has not shown ay signs of recur- 
rence of the hernia. 

Case vu. W. B. P., a white male, age eighty-four, was admitted to 
the hospital August 31, 1942. Examination showed a huge dissecting aneu- 
rysm of the left thigh. This had developed subsequent to the spontaneous 
subcutaneous rupture of a popliteal aneurysm of long standing. His thigh 
was tremendously swollen and the skin over most of It was ecchymotic. 
A terrific pulsating bruit was present. 

At operation on August 9, 1942, a partial closure of the femoral artery 
with a strip of cutis carried twice around it and anchored with interrupted 
cotton sutures was made. Pulsation somewhat similar to that of a normal 
artery of the same size was elicited in the popliteal space for several days 
subsequent to the partial closure of the lumen of the artery. A slowly 
progressive dry gangrene, beginning in the great toe gradually ascended 
the leg. Amputation was suggested but declined. The patient died on August 
30, 1942. Autopsy was refused. 

Case vi. M. C., a white woman, age sixty-three, height 5 feet 6 
inches, weighed 175 pounds. Her blood pressure was 170 systolic and 100 
diastolic. An enormous right inguinal hernia was present; the sac extended 
down over the vulva, bordered the right labium minus and nearly reached 
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Operation on September 12, 1942, was performed by Dr. R. E. Pence 
and myself. The hernial sac contained numerous loops of small intestine. 
The sac, when mobilized, was 12 inches long by 5 inches wide, the depend- 
ent portion being the wider. The hernial opening was sufficiently large to 
admit the male hand (glove size 814) and arm for general exploration of 
the abdominal cavity. The hernia was in part of the sliding type, the edge 
of the bladder peritoneum coming out onto the sac wall. The hernia was 
repaired as far as possible in the usual manner by suturing. A cutis graft 
was sutured over the repair. The aponeurosis of the external oblique was 
sutured over this. 

This patient had an apparently normal convalescence. However, on 
the eighteenth day an abscess became apparent in the more dependent por- 
tion of the operative wound. This was opened after which prompt healing 
took place. So far there is no suggestion of recurrence of the hernia. 

Case 1x. M. D., a white male, age forty-three, was admitted to the 
hospital September 22, 1942, with a history of an injury to the right knee 
received in a mine accident, which resulted in abnormal mobility of the right 
knee apparently associated with defective right lateral ligaments. 

This patient was operated upon jointly on September 25, 1942, by 
Dr. R. L. Anderson and myself. A longitudinal incision was made on the 
outer side of the knee so as to expose the head of the fibula, also the external 
femoral condyle. A strip of cutis of suitable length and width was applied 
over both of these structures and secured in place with interrupted sutures. 
Healing was satisfactory but sufficient time has not yet elapsed to deter- 
mine whether or not the result will be completely satisfactory. 

Case x. S. D., a colored male, age twenty-seven, was admitted to the 
hospital October 30, 1942, with a history of an injury to the left shoulder 
received in a mine accident, which resulted in inability to move the shoulder 
in a satisfactory manner. A diagnosis of dislocation of the acromial end of 
the left clavicle was made. 

Under ether anesthesia operation was performed November 11, 1942, 
by Dr. H. A. Swart and myself. The Bunnell technic was used, a strip of 
cutis being substituted for fascia lata. Although this patient was apparently 
in vigorous health, his heart stopped beating and he died in the operating 
room just after completion of the operation. Autopsy was not obtained. 


CONCLUSIONS 


Cutis may be used in all cases in which the use of fascia or tendon 
might be indicated with the expectation of superior results. It heals 
in rapidly and well; is strong and stable from the time of operation; 
has great vitality; is able to survive under adverse conditions; 
possesses great tensile strength; has a good blood supply; gradually 
assumes the function of the part it replaces; is gradually converted 
into fibrous tissue and Is readily available when needed. 
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TRAUMA AND MALIGNANCY 


J. Carson, M.D. 
Surgeon, St. Luke’s Hospital 
MILWAUKEE, WISCONSIN 


N the oldest known record, Imhotep! describes in detail forty- 
eight surgical cases, forty-five of which are due to injury. In 
Case 39, tumor in the breast, perhaps resulting from injury and 

in Case 45, benign tumor of the breast, he specifically states it is not 
due to injury as in Case 39. Since this was written 5,000 years ago, 
thousands of papers have been published for and against the concept 
of trauma causing malignancy. Cancer is mentioned in the papyrus 
Ebers (B.c. 1500). Hippocrates, Celsus and Galen described cancer. 
Leonides of Alesandria (A.p. 180) recommended radical excision, 
cutting through healthy tissue with knife and cautery. Lanfranchi of 
Lyons, in 1290, urged radical operation. Guy de Chaulliac (1300- 
1386) excised cancer with the knife. Paracelsus (1492-1541) believed 
that cancer was due to mineral salts in the blood, during which time 
there was a definite decline in the radical operation for cancer. 
Bichat,” in 1801, disting iished between the stroma as cellular and 
conceived of its growth by proliferation. Raspail* with the micro- 
scope, in 1826, showed that the growth of tissue resulted from the 
multiplication of cells. Schwann,‘ in 1838, established the doctrine of 
cellular structure as universal principle and discovered the nucleus 
and nucleolus of the cell. Muller® in the same year, published his 
study of malignant tumors, finding them all to contain nucleus and 
nucleolus. Virchow,® “‘while admitting the fact that the influence of 
traumas could not be dogmatically denied, stated that there must be 
some as yet unknown predisposing factor in the patient and also that 
the trauma must have been implanted on pathological tissues.” 
Coley,’ in 1898, reported 170 cases of sarcoma, forty-six of which 
gave a history of trauma. Ribbert® stated that a single trauma may 
lead to the production of a cancerous growth, Van Bergmann’ that a 
single contusion could serve as a predisposing factor in mammary 
cancer. Ziegler,’ in 1903, held that 7 to 14 per cent of malignant 
growths were of traumatic origin. Lowenstein! found 241 malignant 
tumors in soldiers, thirty-nine or 16.5 per cent due to trauma, one 
malign tumor to 15,000 injuries. Lewy!” reported thirty-seven tumors 
in 26,389 injuries from the New York Industrial Commission. Mock 
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and Ellis,!* in 1926, reported nine cases which they believed fulfilled 
the postulates. Villata!* found 8 per cent of sarcomas and 5 per cent 
of carcinomas gave a history of single trauma. Mason,” in 1929, 
reported seven cases of carcinoma of the hand and collected twenty 
cases from the literature due to trauma. Dietrich" states if we should 
regard tumors as arising independent of an anlage or cell nest, we 
may be free at least to accept the idea partially that the changes in 
the epithelium and the connective tissue both functional and 
anatomic can act as a basis for neoplastic changes. Thiem™ reported 
2 per cent of all carcinoma and 5 per cent of all sarcomas as the 
result of trauma. Loenhard" operated upon 500 malignant tumors— 
477 carcinoma and twenty-three sarcoma—nine of the sarcomas and 
sIx carcinomas were due to trauma. Luckow," in 1933, held that 
there was no dispute on the origin of a sarcoma from trauma. Camp- 
bell,”° in 1941, reported two cases of carcinoma of the upper extrem- 
ity due to trauma. 


ESSENTIAL CRITERIA 


Segond,”! in 1907, Thiem, in 1909, and Lubarsch,?? in 1912, 
established the following criteria: (1) The authenticity and adequacy 
of the trauma; (2) the previous integrity of the wounded part; (3) a 
reasonable time, relation from three weeks to three years or more in 
certain cases; (4) continuity of symptoms of the injury with those 
of the tumor; (5) microscopical or other proof of the existence and 
histological type of tumor, and (6) the location of the tumor at the 
point of injury. 

Ewing” states that the important effects of trauma are: (1) Solu- 
tion of continuity, minute and gross; (2) separation of cell groups and 
tissue masses, as of skin, gland and bone; (3) necrosis of tissue; (4) 
confined hemorrhage requiring absorption or encapsulation; (5) 
accelerated regenerative processes with hyperemia, and new growth 
of specific cells, blood vessels and supporting tissue and (6) cicatriza- 
tion. Rixford*4 reported a case of cancer of the breast in a boy age 
seventeen, caused by fall on a tree stump striking his right breast. 
Mastectomy was performed five months later with death four years 
later from metastasis. When the records were submitted to Ewing he 
reported, ‘“‘There is no escaping from the conclusion that in all 
probability, if not a certainty, the boy presented a genuine case of 
traumatic mammary cancer.”’ Rienhoff® states, “cancer in regard to 
origin and nature is not an isolated inscrutable problem but one in 
harmony with microbic-pathological processes in general; it has a 
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concrete cause, is understandable from the viewpoint of natural 
science and is explainable in mechanical terms. It is an infectious 
growth, the same as sarcoma. The cancer cell is a dualistic organism 
in constitution and action, consisting in a living filtrable virus and a 
fixed living body cell. A minute investigation of injured single cells 
and their mode of healing in subcutaneous and superficial situations. 
Sarcoma is presumed to develop in a comparatively short time after 
a trauma directly in an injured but still living and recoverable cell to 
which an invading agent has to get by a circuitous route.” 

Crile*® says that “cancer does not occur in normal uninjured cells 
but occurs after prolonged, repeated injury and repair due to 
mechanical, chemical, bacterial, electrical or radiation factors. Thus 
the occasional sarcoma of the thigh which follows a single crushing 
injury of all the soft parts down to the bone, leaving the skin intact, 
might be explained as due to autosynthesis. It is significant that this 
sarcoma sequence occurs only after a heavy blow or extensive crush- 
ing. This is comparable to the incidence of sarcoma in bone following 
a single blow, or in tissues which have not been lacerated and have 
incurred no infection, there has been no interference with the fullest 
development of bio-electric currents.” Inclan® reported eight cases 
of giant cell tumors of the bone. Case 5 gave a history of a fall on her 
right knee, after which she complained of swelling, pain and limping. 
Eight months later the patient fell again on the same knee causing 
increased swelling and fever and functional disturbance. Three 
months Jater the tumor was excised. 

Case 6, a white woman, age thirty-five, fell on her left knee, 
followed by pain, swelling and functional limitation. The pain 
continued and two years later resection of the tumor of patella was 
carried out. Gordon-Taylor,” in his excellent paper on sarcoma of. 
the muscles and the connective tissue spaces of the limbs, reports 
twenty cases personally treated and refers to nine seen in consulta- 
tion. In one case the patient had been struck by a cricket ball on the 
forearm—sarcoma of extensor muscles of forearm. He also reported 
one doubtful case of rhabdomyosarcoma of the lateral aspect of the 
left forearm due to a bite. Leighton and Schmidtke” presented before 
the Western Surgical Association, in 1938, seventy-nine case his- 
tories of superficial cancers initiated by a single trauma, which were 
not biased by any medico-legal phase, concluded that “‘ While no one 
believes that a trauma in itself produces a cancer, it apparently does 
set off something, and I believe from our clinical experience that in 
certain cases, it is the inciting cause or instigation of the cancer.” 
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H. H. Davis,*® in his discussion concluded, ‘‘thus, it is seen that 
evidence can be given on both sides of the question at least, it can be 
stated that such an etiology is not common. Trauma reveals more 


Fic. 1. Case 1. Roentgenogram showing infil- 
trating tumor without invasion of bones. 


malignant tumors than it causes.’’ Davis, in his excellent paper 
before this Association, in 1940, is more sceptical, his conclusions in 
part are: (1) A single injury to previously healthy tissue has never 
been definitely proved to cause cancer; (2) nobody has succeeded in 
experimentally producing a series of malignant tumors by trauma; 
(3) trauma reveals many malignant tumors, whether it can actually 
cause a malignant tumor is an unsettled point. Metz, in discussing 
the paper of Davis’ reported that in 228,000 accidents in twenty-five 
years they had seen no case of tumor due to trauma. “In the large 
volume of negative evidence that can be produced, it would seem 
conclusive that a single trauma could not produce malignancy, and 
that this Association could best devote its efforts to aid further in the 
research on malignancy and help in seeking true cause. Until the true 
cause is actually found and malignancy can be produced experi- 
mentally, we should not hesitate to admit that we do not know the 
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cause of cancer.”’ In the same discussion, Nilsson reported four cases 
and Kreuscher two cases due to trauma. 
CASE REPORTS 


Caser. Mrs. E. Z., age sixty-four, in October, 1938, severely trauma- 
tized her right hand and forearm in a washing machine wringer. As the 


Fic. 2. Case 1. Photomicrograph showing fibrosar- 
coma arising from tendon sheath. 


wound did not heal in eight weeks a skin graft was done by Dr. Werra at 
the Waukesha Hospital. In January, 1939, she noticed a tumor on the back 
of her right wrist, which grew to the size of a hen’s egg in one month. On 
February 10, 1939, the tumor was excised by Dr. M. J. Werra. Histo- 
logical diagnosis by Dr. L. J. Van Hecke: fibrosarcoma. This was followed 
by six x-ray treatments but the tumor recurred in two months. On May 4, 
1939, a radical excision was carried out followed by x-ray as she would not 
consent to amputation. A recurrence took place on September 1, 1939. 
When I first saw her September 7, 1939, there was a scarred area 8 by 10 cm. 
on the dorsum of the right forearm 3 cm. above the wrist. In this area were 
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four irregular rounded tumors 2 by 3 cm. in diameter and elevated about 
I cm. covered by atrophic skin adherent to the radius. The patient was 
admitted to Columbia Hospital September 8, 1930. 


Fic. 3. Case 11. Roentgenogram showing malignant tumor in distal 
end of right femur. 


Radiographic diagnosis by Dr. S. A. Morton: Chest negative for 
metastasis, no evidence of bone disease, soft tissue tumor, right forearm on 
wrist. (Fig. 1.) 

Operation on September 9, 1939, consisted of amputation of the right 
arm 3 cm. above the epicondylus lateralis humeri, which was followed by 
deep x-ray therapy. Histological diagnosis by Dr. G. H. Hansmann: 
Synovioma, right forearm (fibrosarcoma type). (Fig. 2.) The patient was 
discharged from the hospital September 27, 1939, in good condition. 

On May 27, 1940, her condition was excellent with no evidence of 
recurrence. On June 10, 1940, metastatic sarcoma of the subclavicular 
lymph-nodes was found, and on August 13, hydrothorax. Paracentesis of 
the right chest was carried out four times from August 12 to September 7. 
The amounts of blood-tinged fluid obtained were 1,550 cc., 1,000 cc., 600 
cc. and 1,000 cc., respectively. The patient expired on September 15, 1940. 
Anatomical diagnosis: Fibrosarcoma of right forearm with metastasis to 
right axilla, pleura- bilateral; hilar lymph-nodes. 

Caseu. Mr. G. V., age sixty, three years ago when getting off a street 
car in the rain jumped over surface drainage and struck his right femur 
against a fire hydrant, which was followed by pain in the right knee for three 
weeks. Ten weeks ago pain recurred in the right knee from stopping sud- 
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denly while crossing the street; the pain radiated to the hip. He was treated 
by his family physician. His leg was placed in a plaster of Paris cast for five 
weeks without relief of pain. When first examined September 28, 1941, 


Fic. 4. Case 11. Photomicrograph showing fibrosar- 
coma of femur. 


the skin of the right leg was atrophic, with capillaries dilated. There was 
pain on light pressure over semilunar cartilages which was increased on 
abducting the foot. Radiographic diagnosis by Dr. S. A. Morton: Malignant 
lesion lower end of right femur likely primary bone tumor. (Fig. 3.) 

He was admitted to St. Luke’s Hospital June 28, 1941. Radiographic 
examination of the skeleton showed no evidence of metastasis. On June 30, 
1941, biopsy revealed fibrosarcoma, confirmed by Dr. Ed. Tharenger. 
(Fig. 4.) On July 9, 1941, a hip joint disarticulation was performed. He was 
discharged from the hospital July 26, 1941, in good condition. He refused to 
take deep x-ray therapy; at present there is no evidence of recurrence. 


DISCUSSION 


From a careful study of the literature it is seen that opinions are 
divided today as they were a century ago. With the enactment of 
compensation laws in the various States the medicolegal aspect of 
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malignancy has aroused a new interest in trauma. In recent years, 
success has followed efforts to produce tumors under strictly experi- 
mental conditions. Both carcinoma and sarcoma have been produced 
by x-ray in man and animals. Marie, Clunet and Baulot-LaPointe.*! 
Fibiger®? produced cancer with sudan 111 and Yamagiwa*‘ and Ichi- 
kawa with coal tar. Baggs** produced mammary cancer in mice by 
stagnation of milk. Maud Slye** reported 14,000 autopsies performed 
on mice showing 1,301 indisputable neoplastic growths, of which 
fifty-one arose at the site of trauma. Pick* in studying the records of 
World War 1 found two cases of malignancy apparently due to 
trauma, the age group being an important factor. Behan*® states, 
“Heredity, constitutional predisposition and other contributory 
causes are generally so associated in its origin that the possibility of a 
single indispensable agent acting as a sole exciting cause is uni- 
versally doubted.” Brosch*®® does not believe a single trauma can 
cause a tumor while McKendrick® states that there is no authentic 
case in the literature in which it can be proved beyond a doubt 
that fracture caused sarcoma. Since Schwann discovered the nucleus 
and nucleolus of the cell the cause and effect of injury to the cell has 
been studied by surgeons working in every branch of biology. 
Carrell‘! was the first to isolate in pure strains fibroblasts, osteo- 
blasts, cartilage, epithelium, cancer cells, and leucocytes; and cone” 
cultivated in vitro peripheral nerves. Every one who has tried tissue 
culture in vitro appreciates the biological chemical and physical 
problems involved. 


SUMMARY 


1. During the past thirty years spent in the surgical clinic and 
pathology laboratory, two cases of sarcoma which fulfill the postu- 
late of Segond as due to single trauma have been seen. 

2. Until the cause of neoplastic diseases has been proved, I will 
conclude with the words of John Collins Warren,** “No young 
practitioner can be regarded as thoroughly equipped for surgical 
work who is not both a good Pathologist and an expert Bacteriologist. 
The confidence born of a knowledge of Pathology and Bacteriology 
enables him to assume grave responsibilities and to grapple success- 
fully with the most complicated problems. It is from men thus 
equipped that we have a right to hope that the future masters of 
surgery are to be evoked.” 
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MASSIVE INTESTINAL RESECTION 


E. P. CoLEMAN, M.D. AND D. A. BENNETT, M.D. 
CANTON, ILLINOIS 


HE term, “massive intestinal resection,” is generally ac- 

cepted as referring to resections of the intestine measuring 

200 cm. (6 feet 7 inches) or more. The mortality in such resec- 
tion is exceedingly high and, therefore, the fatal cases are not 
recorded and the successful cases reported in the literature are com- 
paratively few. Our interest in the subject is based upon experience 
in two cases, one of which was reported before the Western Surgical 
Association in 1940. There has been a sufficiently long follow-up 
period in both cases to warrant a statement at this time regarding 
the merits of the operation. 


ANATOMY 


Anatomists differ as to the length of the small intestine, Gray 
giving it as 20 feet 6 inches, Rost as 18 to 26 feet, with an average of 
19 feet, and Treves an average of 22 feet 6 inches for the adult male 
and 23 feet 4 inches for the adult female. Beneke stated that for every 
100 cm. (3 feet 314 inches) of body length there were 387.5 cm. 
(12 feet 9 inches) of small intestine. The intestine is said to be longer 
in vegetarians than in meat eaters, as noted in the Russians and 
Italians who live on a bulky vegetable diet and in the Japanese whose 


diet consists mainly of rice. 


PHYSIOLOGY OF DIGESTION 


According to Rost, the small intestine secretes enterokinase 
which activates trypsin, erepsin which reduces albumoses and 
peptones to crystalline substances, lipase, nuclease, lactase and 
carbohydrate. Water is quickly absorbed in the upper part of the 
small intestine. Carbohydrates are absorbed as monosaccharides, 
and fats when converted into a soluble form as by the action of fat- 
splitting enzymes and bile. The absorption of food is practically 
completed in the small intestine. The jejunum absorbs more fluid 
and sugar, while the ileum absorbs more proteids and fats. A study 
of the medical literature indicates that a resection of the small 
intestine beyond 200 cm. (6 feet 7 inches) is quite likely to result in 
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serious metabolic disturbances, which disappear, however, with the 


establishment of compensatory hypertrophy. 
Experimental work on dogs has indicated that the rate of intesti- 


Fic. 1. Diagram of wound when patient was first seen. Insert: Postoperative 
appearance of anastomosis. 


nal absorption above the site of resection is twice that of normal. The 
compensatory reaction, therefore, occurs entirely above the resection 
and there is no evidence to indicate that the colon or intestine distal 
to the resection aids in this substitution. In resection of the jejunum 
there is an increase in pancreatic secretion, but in general after such 
resections the remaining intestine works more efficiently in the 
absorption of carbohydrates and does its poorest work in the absorp- 
tion of fats. Consequently, any patient who has been subjected to a 
massive intestinal resection will do best on a high carbohydrate diet 
and with a limited intake of fats. 


REVIEW OF THE LITERATURE 


The earliest recorded case of resection of a large amount of 
intestine is that of Koeberlé (1881) in which 205 cm. (6 feet 9 inches) 
of small intestine were removed from a woman, aged twenty-two, 
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for multiple strictures. Recovery was followed by no digestive 


disturbances. 
In 1896, Ruggi reported a resection of 330 cm. (10 feet 10 inches) 


Fic. 2. Postoperative x-ray, showing short loop of intestine 
remaining, also several shot still present. 


in a boy, aged eight, who made a good recovery. The same year 
Fantino recorded the resection of 310 cm. (10 feet 2 inches) of ileum 
from a man, aged sixty, who had a large inguinal hernia with volvulus 
of the intestine and gangrene. He made a good recovery and had no 
complaints when seen one year later. 

In 1900, Hayes resected 255 cm. (8 feet 5 inches) of ileum from a 
boy, aged ten, who recovered, but suffered from occasional diarrhea 
and vomiting and developed chorea. In 1901, Lauwer reported the 
resection of 265 cm. (8 feet g inches) of small intestine from a 
woman, aged sixty-five, for ventral hernia with intestinal obstruction 
from adhesions. She recovered. 

In 1907, Edward Staehlin recorded a resection of 10 feet 2 inches 
of small intestine, and Littlefield, in 1919, resected 13 feet of the 
ileum with a good result. In 1923, Pirie Watson reported a resection 
of 714 feet of the ileum three years previously, with the patient not 
only in good health but free from nutritional disturbances. In the 
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same year Jacob Sarnoff, of Brooklyn, reported a case in which he 
not only resected 15 feet of small intestine but also did a hysterec- 
tomy. The postoperative course was complicated by a partial 


Fic. 3. Stomach fifteen minutes after barium meal; transverse 
colon is beginning to fill. 


intestinal obstruction and fecal fistula but the patient eventually 
made a good recovery. 

The longest resection on record is in a case of Von Brenner, in 
which 18 feet of small intestine was removed. Four other cases 
averaging 400 to 540 cm. (13 to 18 feet) are those of Gheden (534 
cm.), Nigrisili (520 cm.), Axhausen (475 cm.) and Pouchet (400 cm.). 
In each instance the patient recovered from the operation but died 
shortly thereafter. 


CASE REPORTS 


Case 1. This case was reported in detail by the authors before the 
Western Surgical Association in 1940. 
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Mrs. E. L., aged thirty-eight, para 3, was seen at the Graham Hospital, 
Canton, on the morning of July 6, 1939, with the complaint of severe 
abdominal pain. She had had many previous attacks of abdominal pain and 


Fic. 4. One hour after barium meal. Colon is filled. Note exceedingly 
short length of jejunum between duodenum and site of anastomo- 
sis at transverse colon. 


her appendix had been removed without relief of the symptoms. On 
examination there was a sausage-shaped mass, somewhat movable, extend- 
ing from the right upper quadrant to the pelvis. A tentative diagnosis of 
paralytic ileus produced by a large retroperitoneal tumor was made. 
Because of an elevation of temperature the possibility of an infected right 
kidney was considered. The insertion of a Levine tube and Wangensteen 
suction gave no improvement, so operation was decided upon. 

On opening the abdomen a large blue mass, too large to be delivered, 
appeared covered with peritoneum. The incision was enlarged, the mass 
delivered and found to be a thick, rubbery piece of intestme starting as an 
intussusception of the jejunum to 10 cm. (4 inches) from the ligament of 
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Treitz and involving a part of the ileum. The mass was about 15 cm. wide 
by 32.5 cm. long, and yet the mesentery was long enough, in spite of the 
edematous dense tissue, to permit the mass to be brought outside the 


Fic. 5. Barium enema showing increased diameter of small intestine 
proximal to anastomosis. 


abdominal cavity. Attempts to reduce the intussusception were futile, so 
the entire tumor was resected. Examination of the specimen showed that it 
consisted of nine layers of small intestine, that is, the intussusception was 
quadruple or “compounded” four times. It was 205 cm. (6 feet 10 inches) 
long. There were no adhesions present between the layers of the intussuscep- 
tion and no evidence of tumor, polyp or other cause could be found. There 
were large areas where the entire thickness of the wall was gangrenous, and 
the invaginated tissues were very edematous due to the long period of 
circulatory interference. The patient had a prolonged convalescence, leaving 
the hospital at the end of six weeks. She has been followed for three years. 
Roentgenogram of the stomach following barium meal revealed normal 
findings. She has no metabolic disturbance such as might be expected from 
the removal of so iarge a portion of the intestine. 
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Case u. H. E., aged eighteen, entered the Graham Hospital on 
April 17, 1940, with a shotgun wound of the abdomen, accidentally in- 
flicted while hunting. He was in severe shock and complained of abdominal 


Fic. 6. Postoperative scar. 


pain. In the right lower quadrant of the abdomen there was an opening 
8 by 5 inches through which the intestine eviscerated. The eviscerated 
portion, which was bloody, dirty, perforated with shot and burned with 
powder, included the cecum, right half of the transverse colon, and many 
loops of ileum. A portion of the abdominal wall located over McBurney’s 
point and above, measuring 6 by 4 inches, had been completely shot away. 

The first impression was that the boy’s condition was utterly hopeless. 
Nevertheless, sterile warm packs were placed on the eviscerated intestines, 
intravenous adrenal cortex was given, and intravenous glucose and saline 
started. He was typed for transfusion and found to be type 3. His father was 
type 4; however, 500 cc. of citrated blood was obtained from the father and 
added to the intravenous fluids. In about two and one-half hours he had 
recovered from the shock to such an extent that his temperature was 98°F., 
pulse 104, respirations 26, and blood pressure 95/65. His facial expression 
had changed from that of a moribund patient to one of mental alertness, 
and the transfusion had restored his color to some extent. It was thought 
that perhaps with a resection of a small amount of intestine the patient 


might have a chance for recovery. 
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Another transfusion of 500 cc. of citrated blood was started, and he was 
anesthetized with ethylene and ether. The gunshot wound was extended by 
an incision upward from the center of the wound, another one down along 
the right rectus muscle. Blood-stained fluid was present in the abdomen and 
considerable fecal matter had spread over the entire area. The damaged 
intestines were wrapped in sterile moist towels and the abdominal wall care- 
fully cleansed with soap and water. No other skin preparation was carried 
out. 

After redraping i * wound, an examination was made to determine the 
extent of the intestinal damage. Since there were numerous shot lacerations 
of the bowel, both the intestine and its mesentery were damaged beyond 
any hope of repair, so the ileum was withdrawn from the abdominal cavity 
with the hope of finding an undamaged portion. He had been shot with a 
12 gauge shotgun, the shell of which contained about 380 No. 6 shot, which 
will give some idea of the damage inflicted. Finally when the abdomen had 
been almost eviscerated, uninjured intestine was delivered which seemed to 
be the jejunum. Once more it appeared as though the condition must be 
hopeless, but as the patient’s pulse was good and there was no place to stop, 
the small intestine was divided just proximal to the first shot perforation 
and all intestine distal to it was removed. Included in the resection were the 
remaining portion of the small intestine, the cecum which was badly 
lacerated, the ascending colon and hepatic flexure, which had only a few 
perforations, and the first half of the transverse colon, which had been 
practically torn in two. The end of the resection was just beyond the 
middle of the transverse colun. The mesenteric bleeding was controlled 
with hemostats and an end-to-end anastomosis was done between the small 
intestine and the transverse colon in two layers, the inner one of No. 00000 
catgut and the outer layer of fine silk. The mesentery was sutured and the 
portion of the peritoneal cavity most extensively contaminated was 
irrigated with normal salt solution. The skin, fascia and muscle were care- 
fully débrided until normal tissue. were reached. The peritoneum could be 
closed satisfactorily, but the muscle and fascia had been so extensively 
removed that only the upper and lower angles could be sutured. An area of 
5 by 4 inches of skin was left open and the defect filled in with a pack of 
sterile vaseline gauze, such as Is used in the Orr treatment of osteomyelitis. 
The patient was returned to his room in surprisingly good condition, with a 
pulse of 126, respirations 24, and blood pressure 60/30. 

The postoperative course was stormy and it is our belief that the 
patient was kept alive largely by transfusions twice daily. His highest tem- 
perature was 103.4°F. on the third postoperative day, and the highest pulse 
rate was 160 on the second day. The following morning he vomited, so a 
Levine tube was inserted and the Wangensteen suction apparatus applied. 
It was necessary to keep the tube in place for fourteen days, because each 
time it was removed the vomiting recurred. There was a considerable 
amount of serous discharge around the vaseline gauze pack; on the twelfth 
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day the pack was removed and replaced with a smaller one of the same 
type. He had no bowel movement until the third day when an enema was 
returned with a brown liquid and flatus. Following this, an enema every 
second day was returned with a brown liquid bowel movement. After the 
Wangensteen suction was removed, he was given a liquid diet of fruit juice 
and carbohydrates, and began to gain in weight and strength. As soon as 
his food intake was increased he developed a diarrhea which was checked 
by restricting the diet to fruit juice and carbohydrates. He was dismissed 
from the hospital the tenth week, weighing ninety-seven pounds, a loss of 
forty pounds from his normal weight. The wound was in good condition, 
with an area, 214 by 3 inches, still uncovered. 

The resected intestine measured 14 feet 8 inches with 22 inches of colon, 
a total of 440 cm. 

Eight days after leaving the hospital he returned complaining of recur- 
rent abdominal pain associated with diarrhea and a loss of five pounds in 
weight. On inquiry it was found that he had returned to his work as a 
fisherman and had partaken of fried fish on several occasions. Small 
amounts of tincture of belladonna were given and he was returned to a diet 
of fruit juice and carbohydrates, with no fats excepting small amounts of 
butter and cream with other food. Within two days the diarrhea was con- 
trolled; the stools became somewhat more solid but were still very largely 
liquid. He was then given six feedings a day of rather limited quantity and 
soon began to gain weight. At the end of one month he was discharged from 
the hospital, with the wound healed, and an average of two soft or semi- 
liquid bowel movements daily. He was much improved in strength and his 
weight was 103 pounds. 

He returned for a check-up three months later, in November 1940, 
weighing 117 pounds. His diet was restricted largely to carbohydrates with 
a small amount of finely chopped meat and very limited intake of fats. 
Vitamins were furnished artificially and with the fruit juice. The bowels 
moved three times a day and the movement was usually liquid but occa- 
sionally semisolid. He was gaining in strength and considered himself in 
good health. 

Nonprotein nitrogen was 32 mg. per 100 cc. of blood, and the fasting 
blood sugar was 104 Gm. per 100 cc. The blood count was within normal 
limits as was the urinalysis. 

Roentgenographic and fluoroscopic examinations were made of the 
gastrointestinal tract. It was interesting to note that the barium meal upon 
leaving the stomach appeared to go through one short loop of intestine and 
enter immediately into the transverse colon. Not more than two or three 
feet of small intestine remained, but in spite of this loss his condition seemed 
remarkably good. 

The patient was last seen on May 5, 1942. Roentgenographic examina- 
tion showed the stomach quite enlarged and it emptied in three and one- 
half hours. The jejunum was also larger in diameter than is normal and 
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emptied directly into the transverse colon. The jejunum had enlarged and 
apparently had taken over the function of the ileum, and under the fluoro- 
scope appeared as only a single loop of bowel. The barium meal on leaving 
the duodenum passed through this loop and into the colon, and the loop did 
not appear to be more than three feet long. 

The abdominal wall was quite solid. The scar was thick and had a 
keloid appearance, such as is commonly seen after an extensive burn. He 
was in an excellent state of nutrition and was able to do the heavy work of 
a fisherman. He stated that abdominal cramps followed the eating of fried 
or greasy foods but no diarrhea occurred. 

Blood chemistry examination showed blood sugar 105 mg. per 100 cc. 
of blood and nonprotein nitrogen 22 mg. per 100 cc. of blood. Urinalysis and 
blood count were within normal limits. 


SUMMARY 


Experience with these two cases brings out the following facts: 

1. Massive intestinal resection can be performed with favorable 
results even under extraordinary conditions, such as were present in 
the second case. 

2. The pre- and postoperative care played an important part in 
the final outcome of both cases. 

3. The second case verified statements made in the literature that 
the diet after such resection should be high in carbohydrates and 
proteins, but low in fat and cellulose. 

4. The author’s experience with two cases of massive resection 
with recovery indicates that even in what appears to be a hopeless 
situation it is worthwhile to make every effort to save life. 
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BRACHIAL PLEXUS BLOCK ANESTHESIA 
OF THE UPPER EXTREMITIES* 


R. A. AND H. Woopson, M.D. 


Professor of Surgery, University Resident, Louisville General 
of Louisville School of Hospital 
Medicine 


LOUISVILLE, KENTUCKY 


HERE have been few recent reports in the American litera- 

ture on the use of brachial plexus block anesthesia. The im- 

pression obtained from conversations with many leading 
surgeons is that the percentage of unsatisfactory anesthesia is so high 
in most hands that this procedure is used only by a few who have 
perfected the technic. The procedure most generally used has been 
the supraclavicular route as described by Kulenkampff, quoted by 
Labat.! Previous personal experience with this older technic was 
unsatisfactory and the procedure was abandoned until Patrick? 
described a modification which has been eminently successful in our 
hands. The method of Kulenkampff and Labat depended upon the 
disposition of the solution at exact anatomical points on the plexus. 
These points were difficult for the novice or even the expert to reach 
with the tip of the needle, particularly in obese patients. Patrick’s 
modification depends upon laying a wall of anesthetic solution from 
the first rib out to the deep fascia at right angles to the path of the 
plexus as it passes about the rib. Exact localization is unnecessary, as 
the solution diffuses through the fascial compartment occupied by 
the plexus. This technic has in our hands reduced primarily unsuc- 
cessful anesthesia to 3 per cent. 

Premedication is of primary importance not only to allay the 
patient’s apprehension but to protect against procaine toxicity. A 
barbiturate, usually sodium phenobarbital (.130 Gm. for 150 pounds 
of body weight) is given hypodermically thirty minutes before the 
block is started, or if time is pressing, one-half of the above dose is 
given intravenously. The patient is placed on the table, supine, with 
a thin pillow beneath the upper dorsal spine, the shoulder on the 
involved side is depressed, the arms placed at the side and the head 
turned toward the opposite side. 

* From the Department of Surgery, The University of Louisville School of Medicine 


and the Louisville City Hospital. 
+ Dr. Griswold is now on active duty as a Major in the Army of the United States. 
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The surgeon determines by palpation, the midpoint of the clavi- 
cle, between the sternoclavicular and the acromioclavicular joints. 
An intradermal wheal of novocaine is raised 14 cm. superior to the 
midpoint of the clavicle. A No. 22 gauge needle three inches in length 
and not attached to the syringe is then inserted, inward, downward 
and backward, and roughly toward the second or third dorsal spine, 
until the first rib is encountered well posterior. If blood is encoun- 
tered at any time, the needle is withdrawn and reinserted at a slightly 
different angle. The needle after encountering the first rib is with- 
drawn 2 to 3 mm. and with a glass syringe 10 cc. of 2 per cent 
novocaine is injected as the needle is withdrawn to the level of the 
deep fascia. It is then reinserted at a slightly different angle with the 
needle point more lateral and anterior but still contacting the first 
rib, and 10 cc. of solution is injected as the needle is withdrawn. The 
object in withdrawing the needle point is to enable permeation of the 
nerve trunks of the plexus. It must be recalled that the brachial 
plexus and the subclavian artery lie like meat in a sandwich between 
two fascial planes: in front, a layer of fascia extending across from 


Simple Compound 


1. Reduction of Fractures: 
Colles’s 
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11. Primary Tenorrhaphy: 
Biceps L/3 
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Hand 
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TaBLeE 1—(Continued) 


Compound 
11. Débridement, Irrigation and Suture of Lacerated Wounds: 
10 
iv. Débridement, Irrigation and Suture of Gunshot Wounds: 
6 


v. Amputations: 


2 
vi. Miscellaneous: 

Incision and drainage of abscess of web space (severe diabetic)......... I 
Excision palmar fascia (Dupuytren’s)... I 
Removal of screws from graft on radius..................00ceceeceees I 
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the scalenus anticus, and behind by a layer over the scalenus medius. 
By withdrawing the needle during the injection this compartment is 
traversed and a triangular wall of solution is deposited, based on the 
first rib with the apex of the triangle at the wheal. 

The needle is reinserted some four to six times, always through 
the initial intradermal wheal advancing the needle point laterally 
and finally medially along the first rib from back to front. No 
attempt is made to encounter or provoke paresthesias. However, the 
patient is told to expect pain running down the arm especially to the 
little finger and to tell the surgeon. If such a pain is encountered, a 
single injection is made without moving the needle, directly into the 
plexus. There are anatomically no dangers laterally, but as the 
medial and anterior position is approached the subclavian artery 
must be missed by the needle point. The lower trunk of the plexus 
lies deep to the artery and must be injected to assure a perfect block. 
When the needle is inserted at its most sternal portion, it is seen to 
pulsate with transmitted beats from the subclavian artery. It is here 
that the final injection is made. Often the presence of the artery is 
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first made evident by blood exuding from the needle. If this happens, 
remove the needle and reinsert at a slightly different angle. At no 
time despite several entrances into the vessel has there been any 
hemorrhage from the vessel or any other untoward complication. 
The amount of 2 per cent novocaine was arbitrarily set at 60 cc., as 
the maximum dose for a 150 pound man without chancing immediate 
or delayed novocaine reactions. 

The block is given with the surgeon wearing sterile gloves. 
Fifteen minutes should elapse before starting the operation after 
completing the injection. This period is used for the surgeon to scrub, 
don gown and gloves and prepare the field of operation. By this time 
anesthesia usually is complete. 

The blocks reported in this series are 100 consecutive cases done 
in the Louisville City Hospital (University of Louisville School of 
Medicine) by the surgical resident staff from July, 1940, to October, 
1941. A total of eighteen house officers contributed their cases. Several 
of them performed only one case and the largest number of cases by 
one man (W. H. W.) was twenty-nine. It is interesting that eighteen 
cases in this series represent the surgeon’s initial case. 

The cases selected for brachial blocks were those of trauma to the 
upper extremity. There were fifty-three reductions of fractures of 
which forty-one were simple and twelve compound. Of the simple 
fractures, eight had open reduction. The fractures ranged from multi- 
ple phalangeal fractures to a compound fracture of the upper third of 
the humerus. Twenty-two primary tenorrhaphies were done in the 
lower third of the arm, forearm, wrist, hand and fingers. Ten lacer- 
ated wounds of the elbow, forearm and hand were débrided, irrigated 
and sutured. There were six gunshot wounds of the arm, forearm, 
hand and fingers that were débrided, irrigated and sutured. Two 
amputations, one through the middle third of the arm and the other, 
the middle third of the forearm, were done. A miscellaneous group of 
seven cases consisted of: (1) ganglionectomy at the wrist; (2) incision 
and drainage of an abscess of the web space of the hand in a severe 
diabetic; (3) excision of palmar fascia for Dupuytren’s contracture; 
(4) hemisection of hand; (5) removal of screws from graft on radius; 
(6) débridement of human bite of hand; (7) excision of a tuberculoma 
of elbow. 

No attempt was made to measure the length of time that the 
anesthesia lasted, but the average length of 100 operations done 
under brachial block alone was sixty-seven minutes. The shortest 
operation required three minutes. This was an incision and drainage 
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of a web space abscess of the hand in a severe diabetic. The longest 
case required 195 minutes and was a tenorrhaphy on the finger 
flexors. As would be expected in a traumatic series such as this the 
males predominated the females 77 to 23. There were fifty-nine white 
cases as compared to forty-one negroes. The average age of the 
patients was thirty-two years. The youngest patient was an eight- 
year old white girl who had a reduction and cast for a fracture of the 
middle third of the ulna and radius, the procedure lasting sixty 
minutes. A total of five nine-year olds had forearm reductions or 
tenorrhaphies. The upper age limit was represented by two men aged 
sixty-seven, one of whom had a compound traffic elbow and the 
other a severe laceration of the forearm and cubital fossa. The former 
operation lasted 140 minutes and the latter 150 minutes. 

Of the 100 cases three were initial failures. It is interesting to note 
that one of these patients had an excellent motor paralysis but had a 
poor sensory loss. One of these represented the first block attempted 
by a member of the house staff. The third failure also developed a 
small pneumothorax on the same side due to poor technic. A second 
case developed a 25 per cent pneumothorax with excellent anesthesia 
of the upper extremity. Neither of these complications were of any 
significance. Two patients had mild procaine reactions that were 
easily controlled with intravenous sodium phenobarbital. One of 
these had received no preoperative barbiturate. In one case cyclo- 
propane was used after fifteen minutes of successful block because of 
the unco-operativeness of the patient due to alcoholism. Only eight 
cases required some type of supplementary anesthesia because of the 
wearing off of the block anesthesia before completion of the opera- 
tion. The shortest time a block lasted was sixteen minutes and the 
longest was eighty minutes before supplementary anesthesia was 
required. All cases have been followed in postoperative and fracture 
clinics and there has been no evidence of any delayed complications. 


SUMMARY 
1. A technic of supraclavicular branchial plexus block anesthesia 
is described and a consecutive series of 100 cases reported with three 


failures. 
2. The operations performed under this type of anesthesia are 


presented. 
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THE TRANSVERSE PALMAR INCISION 
Lizut. Cor. L. H. McKim, r.c.A.m.c. 


Officer in Charge Surgical Division, Debert Military Hospital, Canadian Army 
DEBERT, NOVA SCOTIA 


HE transverse palmar incision Is not new. It has been in use 

in the Montreal General Hospital for at least thirty years. Its 

originator is not known. It was described by the author in 
1926! and was published by him in 1928.” 

The many advantages of this incision, and its practically total 
lack of disadvantages, are, I believe, sufficient excuse for bringing it 
to the attention of the profession. 

Some of its more important advantages are: (1) Complete and 
adequate exposure in infections of the palm of the hand (“‘collar 
button,” -web or lumbrical space infections and midpalmar space 
abscess); (2) ease of combining with the lateral finger incision for 
suppurative tenosynovitis; (3) ease of enlargement to secure com- 
plete relief of tension, if necessary across the whole width of the 
palm; (4) complete freedom from danger of postoperative, or post- 
infective finger flexion deformity, similar to the Dupuytren’s type; 
and (5) an almost invisible and totally painless scar. 

Like all others in the treatment of hand infections, this incision 
should be made in a “bloodless field.” This tmplies the use of general 
anesthesia. Insistence on these two elemental points should be 
unnecessary. 


TECHNIC 


The incision should not be made too far proximally. About one- 


quarter of an inch from the proximal transverse crease at the base of 


the finger is usually the correct site. The two fingers near whose bases 
the maximum lesion is present are slightly separated and a small 
incision is deepened until pus Is encountered. A director is then 
passed transversely until the limits of the cavity are reached. This 
will be found to be superficial to all important structures such as 
tendons, blood vessels and nerves. The cavity may then be explored 
with the tip of the finger and all necrotic material wiped out with 
gauze. (Fig. 1.) 

The frequent occurrence of palmar infections in conjunction with, 
or as a complication of, suppurative tenosynovitis of the flexor 
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sheaths of the fingers, makes necessary the description of the lateral 
finger incision. The ease of combining the two incisions has already 
been referred to. 


Fig.\t. 


Fic. 2. 


The principles on which the lateral finger incision is based are, 
curiously enough, almost identical with those in favor of the trans- 
verse palmar incision. The main one is the avoidance of placing a 
scar at right angles to a flexion crease. 
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The finger is flexed and the incision is made at a point just dorsal 
to the termination of the interphalangeal flexion crease. It should be 
begun on the lateral aspect of the proximal phalanx and continued 
distally and proximally as is necessary. Care should be taken not to 
damage the capsule of the interphalangeal joints. The incision should 
be carried out with the utmost care in the proximal direction and 
should not be allowed to approach any nearer to the palmar surface 
of the finger, but should be carried along the same plane to the web. 
When this point is reached, it is connected with the palmar incision 
by cutting through the web at a point exactly midway between the 
fingers and at right angles to the palmar incision. Failure to observe 
this latter point is about the only way damage can be done to the 
digital vessels and nerves. This is well shown in Figure 2 in which the 
combined incisions are seen with the vessels and nerves safely enter- 
ing the anterior finger flap. The possibility of their damage by a care- 
less “corner cutting” procedure should be quite evident. 

The author will, he trusts, be pardoned for a word in defense of 
the much condemned “‘fish-mouth” incision which happens to be 
shown in the illustration. Practically all the unfavorable results 
ascribed to its use are due to its being made too far anteriorally. If 
it is made quite close to the nail, the question of a scar on a pressure- 
bearing surface will not arise. 

Use of the B. I. P. P. and liquid paraffin and curtain drainage 
method as described in the original article* and in later publications*4 
has, over a period of years, served to convince the Author of its 
superiority to all others, in the treatment of hand infections, and 
most particularly in connection with the incision just described. 
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IMPACTION OF FRACTURES BY LARGE 
PRESSURE TONGS 


ARTHUR R. MEeTz, M.D., 
RAYMOND HousEHOLDER, M.D. AND JAMES F. DePREE, M.D. 
Attending Staff, Wesley Memorial Hospital 
CHICAGO, ILLINOIS 


HERE are some types of fractures that can best be treated by 
forcing and molding the fragments back into position. The 
most common are the fractures of the os calcis and the proxi- 


Fic. 1. Large pressure tongs three feet 
long; hinge seven inches from blade 
end; blades padded with felt. 


mal end of the tibia. Other fractures may be treated in this manner 
but they are not common. 

The os calcis is usually fractured by a fall from a height which 
produces a displacement upward with a broadening of the body of 
the bone so that it impinges on one or both malleoli. If this broaden- 
ing is not corrected, there is a persistent deformity which causes 
pain on walking. By reversing the mechanism that produced the 
fracture the fragments can often be molded and forced into their 
normal position and will remain so if the foot is placed im a cast. 

A quick and easy way to accomplish this maneuver is by the use 
of large pressure tongs with padded blades as shown in the illustra- 
tion. A firm squeeze on the os calcis just below the malleoli combined 
with traction will often give a very satisfactory reduction. The tongs 
are made jarge with long handles and padded blades so that con- 
siderable quick pressure can be used without much effort, and no 


447 


| 

| 
a 


448 METZ ET AL.—_IMPACTION OF FRACTURES 


Fic. 2. Pic. 3. Fic. 4. 
Fic. 2. Apply firm pressure below malleoli to squeeze bone into position using counter- 
traction behind heel and against sole. 
Fic. 3. Tongs can be applied to outside of cast to make gentle pressure while cast ts 
hardening. 
Fic. 4. Tongs are used over the head of the tibia to push the fragments together. 


Fic. 6. Fracture of tibia; before and after use of pressure 
tongs. 
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Fic. 5. Fracture of os calcis; before and after use of pressure tongs. 
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damage is done to the soft parts. A small pad of felt may be placed 
just below the malleoli after reduction and incorporated ur der the 
cast. Slight pressure may be applied to the cast over the felt pads 
with the tongs while the plaster sets so as to insure a snug fit over the 
sides of the os calcis below the malleoll. 

The manipulation is best carried out under an anesthesia, such as 
morphine-scopolamine, as soon as possible after the mjury and 
before much swelling has occurred. 

The cast should extend from the toes to below the knee. In more 
extensive fractures it may be necessary to extend the cast onto the 
thigh with the knee flexed to a right angle so as to keep the tendon 
Achilles relaxed. 

Some fractures of the proximal end of the tibia and other bones 
are of such a type that a firm quick squeeze will force the fragments 
into their normal position and they will remain so without any other 
treatment than fixation. 

The first large pressure tongs we used were hammered out by a 
blacksmith in 1928 and have been used frequently. We present the 
idea now as another method that may be used to advantage in the 
treatment of a selected group of fractures. 


' 
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A PLEA FOR CAREFUL EXAMINATION AND 
EARLY EVALUATION OF TRAUMATIC 
CASES 


E. Payne PALMER, M.D. 
PHOENIX, ARIZONA 


HE traumatic surgeon should have an abundance of time to 

give to each injured patient. Every traumatic case should be 

carefully examined under proper surroundings as soon as the 
patient’s condition will permit. Even the slightest trauma should 
receive careful consideration, since minor injuries may not only 
produce disability and deformity but also end far too often in death. 
An injured person is entitled to a most careful and complete examina- 
tion with all pertinent findings being recorded. The best obtainable 
consultants should be brought into the case early, when group con- 
sultation is desirable. This will be fairly frequent, as many traumatic 
patients are too seriously injured for a lone surgeon to contend with. 
A traumatic patient carefully examined with the findings recorded is 
more certain of proper treatment, and consequently has better 
chances for a satisfactory recovery. 

In no other field in medicine does so much depend upon repeated 
x-ray examination for diagnosis and correct evaluation. Skilled and 
discriminating x-ray interpretation, based upon faultless technic, can 
do much for a better solution of the many problems involved in the 
evaluation of disability. Roentgen examination should follow the 
clinical investigation, unless bone injury can be absolutely excluded, 
by the report of the accident and the clinical findings; otherwis 
regardless of the extent and nature of soft tissue damage, x-rays 
should be taken early soon after the accident. As fractures frequently j 
are unrecognized, an early evaluation may be incorrect. No guessing 
is to be tolerated in any case. 

The difficulty in evaluating lower back disability, that greatest 
bugbear of industrial practice, arises out of one, or it may be all, of 
four failures on the part of the practitioner: failure to know minutely 
the anatomical structure of the lower back and the anomalous "eal 
tions so frequently found; failure to obtain a detailed and correct 
history of the mechanism of the injury; failure to have an adequate 
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x-ray examination; failure to guide carefully and gradually the 
rehabilitation and re-education after a period of immobilization. 

All of these four points are essential. In particular the consulting 
surgeon on traumatic cases is often astounded at the rashness with 
which both positive and negative conclusions are drawn from inade- 
quate x-ray examinations. The majority of cases have only antero- 
posterior and lateral views, which are not sufficient; many instances 
are seen in which only anteroposterior flat films are made and con- 
clusions are drawn from these alone. Not only are oblique views 
necessary, in addition to anteroposterior and lateral views, but many 
injuries to the lumbosacral area should have films taken in upright as 
well as supine posture. In addition the lumbosacral area requires 
films taken at a different angle from the remainder of the lumbar 
spine; consequently, the usual films of the lumbar spine as a whole 
are not adequate for the lumbosacral region. Stereoroentgenograms 
are frequently indicated. Finally, study and interpretation by a 
trained and qualified roentgenologist is most desirable, unless the 
industrial surgeon is so qualified. 

In every disabled traumatic case there are factors which are 
immeasurable, imponderable and intangible. The traumatic surgeon 
owes it to his patient to see that an accurate estimate of his disability 
is made early. Not only has the traumatic surgeon a serious duty in 
estimating the disability sustained by a patient, but also a definite 
responsibility toward the insurance carrier; therefore, he must be 
strictly impartial. The end results deserve first consideration. A 
diagnostic or therapeutic error may be responsible for prolonged 
treatment and for a high degree of permanent disability with all its 
implications for the injured person as well as for the insurance 
carriers. 

The traumatic case is not a machine to be repaired but a human 
being to be helped. No two persons are alike in thought or action, in 
temperament, personality or emotional reactions. Therefore, the 
examiners must listen to the patient attentively, observing him 
carefully to obtain a correct estimate of his attitude toward recovery 
and his desire or willingness to return to work. 

Though several prominent traumatic surgeons—Keisler, Mc- 
Bride, and others—present very practical methods for evaluation of 
traumatic cases, there is no substitute for training, experience and 
sound judgment. 

Whatever method may be used to evaluate a disability, it is 
usually found that the simpler the method, the better the results. 


5 


PALMER—TRAUMATIC PATIENTS 


452 


The necessity for some guide, however, in determining the average 
period of incapacity for given clinical conditions is apparent. Studies 
of nonlitigation cases furnish a useful basis for establishing average 
periods of incapacity, but these averages must be considered as the 
irreducible minimum. 

The attitude of the physician treating the traumatic patient will 
materially influence the mental attitude of the patient. Patients told 
by their attending surgeon that their injuries are unusually serious 
will have an unfavorable outlook toward recovery, as compared with 
the patient who has been encouraged and told that he will make the 
best recovery possible. Recovery may be retarded when the attend- 
ing surgeon overemphasizes caution. Patients in a ward with dis- 
satisfied traumatic patients should be moved to new quarters when- 
ever this condition is discovered. Again, patients in contact with 
dissatisfied friends and relatives will be influenced unfavorably 
toward recovery. Everyone about the patient should be asked to help 
build up a healthy attitude toward recovery in order that an early 
evaluation can be made. Also forewarn against discouragement upon 
resumption of work and encourage perseverance. The compensation 
patient, paid for his disability, is likely to prolong his complaint of 
disabling symptoms, whereas the noncompensation patient will make 
an effort to return to work as soon as possible. He will often put up 
with the inconveniences occasioned by an injury, whereas the com- 
pensation patient will expect to be rid entirely of all inconvenience 
before he returns to work. 

An accurate and detailed history is needed not only of the acci- 
dent in question but of any diseases or former accidents; only in this 
way will a definite visual reproduction of what actually took place be 
reproduced in the mind of anyone hearing or reading the description. 

Regardless of whether the case is compensable, the traumatic 
surgeon and his consultants should evaluate the injuries and their 
results as early as possible. They should determine the direct and 
proximate result of the injury, and the length of time necessary to 
relieve the condition. They should estimate the probable outcome; 
how long it will take the injury to reach its final stage of healing; 
whether the disability will be temporary, with complete restoration 
of function; or permanent; and finally, what per cent of the perma- 
nent loss of function has resulted from the injury. Experience proves 
that many traumatic cases have definite disability not related to the 
injury; nevertheless, symptoms resulting from such disability often 
are attributed to the accident by the patient. Frequently, he may 
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believe such is really true; therefore, the physician must determine 
how much of the disability developing subsequent to an accident 
is actually due to that accident. This determination can be made 
only when competent medical observation has decided how much of 
the disability is the natural result of the disease and how much added 
disability has been produced by the accident. The rational approach 
would seem to be to attempt to decide what the natural progress of 
the disease would have been without the accident and then to add 
the effect of the accident to this. A systematic, careful, detailed and 
intelligent study of each individual case is the only procedure which 
will bring satisfactory results. Each case is a problem unto itself and 
should be studied from every aspect, historical, anatomical, physio- 
logical, pathological and psychological, utilizing every resource of 
clinical and laboratory analysis. 

The traumatic surgeon and consultants, therefore, when evaluat- 
ing traumatic cases, should obtain a history of the accident, the 
progress of the case up to the time of evaluation, and the symptoms 
complained of at the time of the examination; all of this should be 
recorded. Then they should make a detailed and painstaking physi- 
cal examination, carefully recording the complete findings. Finally, 
they should examine such laboratory records, including roentgeno- 
grams, as are at hand and order such other examinations as are 
deemed advisable to secure the necessary data. 

Many problems must be considered in the evaluation of trau- 
matic cases. Unfortunately, the period of temporary disability as 
well as the percentage of partial permanent is influenced by the 
factors of compensation and noncompensation. The mental attitude 
of the injured person toward his disability and his inclination to 
return to work are strong factors in each individual case. The 
traumatic patient’s concept of himself and the outer world fre- 
quently undergoes a drastic change unless an effort is made to bolster 
his morale. The traumatic surgeon will find that the proportion of 
patients presenting mental symptoms of etiological significance 
during their illness is much larger than is generally believed. Since, 
as is well known, purely emotional causes, if severe and prolonged, 
may produce structural changes, the physician should guard against 
a traumatic neurosis in his patients, using every means to prevent it. 
The onset of symptoms indicating this condition means there is 
reason for haste in evaluating the disability. The treatment of 
traumatic neurosis, so-called, in the acute stage is prophylactic. 
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Therefore, the earlier the evaluation, the quicker and more certain 
will rapid recovery occur. 

One must remember that anatomic repair does not mean func- 
tional restoration is fully established. Sufficient time must elapse to 
allow the ordinary consequences of trauma to disappear by natural 
body means. The injured person need not wait, however, for the 
maximum adaptation, but through re-education to altered condi- 
tions, return to work and endeavor to obtain maximum efficiency. 
One with a physical handicap must, therefore, develop new habits of 
use so that improvement through adaptation is not final until the 
injured part can be used without conscious effort. The attending 
surgeon should foresee such conditions and explain to the patient 
what is to be expected, thereby preventing discouragement and 
dissatisfaction with the evaluation of the disability. 


CONCLUSIONS 


1. After taking part in more than 1,200 industrial consultations, 
it is my opinion that traumatic patients require a very careful 
examination for a correct diagnosis, to get the best treatment possi- 
ble, to reduce both temporary and permanent disability and to 
obtain an early evaluation. 

2. A consultant or group consultation is advisable for correct 
diagnosis and exact evaluation. Such service should be assigned to 
the most thoroughly trained and experienced traumatic surgeon and 
specialist in other fields of medicine having a knowledge of traumatic 
cases. 

3. Properly executed roentgen examination should follow the 
clinical investigation. Skilled and discriminating x-ray interpretation 
by a thoroughly trained and experienced roentgenologist is most 
desirable as an aid to diagnosis and correct evaluation. 

4. The mental attitude of the traumatic patient toward his 
disability and inclination to return to work is materially influenced 
by a number of factors, especially by the attitude of the attending 
surgeon. Giving expectation of improvement will result in a more 
rapid recovery and an earlier evaluation. 

5. An early determination of the degree and type of the trauma 
IS a prerequisite to the early and correct evaluation of disability. 

6. Early evaluation insures the elimination of uncertainty on the 
part of the patient, a more speedy recovery, and an earlier return 
to work. 


ADJUSTABLE TRACTION SPLINT FOR UPPER 
OR LOWER EXTREMITY 


CHARLES S. VENABLE, M.D. 
SAN ANTONIO, TEXAS 
Diplomate of the American Board of Surgery; Chief of Staff, Nix Hospital; Attending 
Surgeon, Santa Rosa Hospital 
UE to limitations and priorities on metal necessarily used in 
making Thomas or Murray-Jones splints, etc., I have devised 
this adjustable wooden traction splint applicable for splinting 


Fic. 1. A, splint closed; B, splint extended for traction, 

upper extremity; C, splint extended for traction, lower 

extremity. Because of tongue-groove principle, splint 

needs only one bolt. 

either extremity in traction. The one piece fixed to the “‘crutch”’ is 
grooved while the movable piece is tongued so that it may slide 
(tongue and groove principle), from an over all of 25 inches to be 
locked by one or two bolts at any desired length up to 45 inches, when 

it is perfectly rigid against rotation as well as bending. 
In applying traction to a fracture in the upper extremity the 
“crutch” is placed at the junction of the pectoral muscle and chest 
wall with a hitch about the base of the hand which is fixed over the 
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Fic. 2. Splint applied with traction and fixation in 
fracture of humerus. Note slight abduction 
with pressure of crutch against pectoral muscle. 
The tighter the traction, the greater the 
abduction. 


Fic. 3. Traction and fixation in fracture of lower extremity. Fragments are well 


mobilized for transportation. 
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distal end, which is notched, so that the greater the traction the more 
the abduction of the extremity. This position prevents ‘“‘crutch”’ 
paralysis. A bandage, if available, or one or two handkerchiefs, etc., 
will stabilize the arm to the splint. 

In fractures of the lower extremity the “‘crutch”’ is placed in the 
crotch, when with a hitch about the ankle sufficient traction is easily 
had. The limb is then stabilized to the splint with two or three ties 
of some sort. 

When not in use it occupies some 26 inches of space and weighs 
12 ounces. The object is to have a sufficient number of these splints 
available everywhere in order to carry out the slogan, “Splint ’em 
where they lie” in order to minimize trauma and stabilize fractures 
during transportation. 
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e@ Take time out for a timely tip. In war, even more 
than in peace, *Band-Aid, the Johnson & Johnson ad- 
hesive bandage, means first-aid to the busy physician. 
Ready for instant use, this sterile bandage cuts dress- 
ing time to ten seconds. You get a neater, more compact 
dressing with less gauze and adhesive plaster. Bandage 
with Band-Aid and you'll make haste without waste. 
ORDER FROM YOUR DEALER 


BAND-AID 


*TRADE MARK REG. U, S. PAT. OFF. 


NEW BRUNSWICK, N. J. CHICAGO, ttt. 


ARMY. 
Navy 


<= Newest timesaver. Joints bandaged with 
stretchable Elastic *Band-Aid can be flexed 
in complete comfort. Flesh-color, 34” x 214”. 


4 Use 1”x 3” size for minor cuts, abrasions. 
Waterproof adhesive with plain pad; “ZO” 
adhesive with plain or Mercurochromed pad. 
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4 Professional Size Band-Aid. 3” x 6”, can 
be cut to desired width and shape. 


4 For hypo, infusion, intravenous puncture 
wounds, the 344”x 144” Junior Band-Aid is 
indicated. 
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THE NEW YORK POLYCLINIC 
MEDICAL SCHOOL AND HOSPITAL 


(ORGANIZED 1881) 
(The Pioneer Post-Graduate Medical Institution in America.) 


For The General Surgeon 


A combined surgical course comprising general 
surgery, traumatic surgery, abdominal surgery, 
gastroenterology, proctology, gynecological surgery, 
urological surgery. Attendance at lectures, wit- 
nessing operations, examination of patients pre- 
operatively and post-operatively and follow-up in 
the wards post-operatively. Pathology, roentgen- 
ology, physical therapy. Cadaver demonstrations in 
surgical anatomy, thoracic surgery, regional anes- 
thesia. Operative surgery and operative gynecology 
on the cadaver. 
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EYE, EAR, NOSE and THROAT 


A 3 months combined full-time refresher course 
consisting of at*endance at clinics, witnessing opera- 
tions, lectures, demonstration of cases and cadaver 
demonstrations; operative eye, ear, nose and throat 
on the cadaver; clinical and cadaver demonstrations 
in bronchoscopy, laryngeal surgery and surgery 
for facial palsy; refraction; roentgenology; pathology, 
bacteriology and embryology; physiology; neuro- 
anatomy; anesthesia; physical therapy; allergy; 
examination of patients pre-operatively and fol- 
low-up post-operatively in the wards and clinics. 


FOR INFORMATION ADDRESS 


MEDICAL EXECUTIVE OFFICER, 345 West 50th Street, NEW YORK CITY 


COOK COUNTY 


GRADUATE SCHOOL OF MEDICINE 
(In affiliation with COOK COUNTY HOSPITAL) Incorporated not for profit 


Announces continuous courses 


SURGERY—Two Weeks Intensive Course in Surgical 
Technique starting February 8 and 22, March 8 
and 22, and every two weeks throughout the year. 


MEDICINE—One Month Course in Electrocardio- 
graphy and Heart Disease starting the first of every 
month, except August. 

FRACTURES AND TRAUMATIC SURGERY— 


Formal and Informal Courses. 


GYNECOLOGY—Two Weeks Intensive Course start- 
ing April 5; Clinical and Diagnostic Courses. 


OBSTETRICS—Two Weeks Intensive Course starting 
April 19; Informal Course. 


OPHTHALMOLOGY—Two Weeks Intensive Course 
starting April 5. 


OTOLARYNGOLOGY—Two Weeks Intensive 


Course starting April 19. 


ROENTGENOLOGY—Courses in X-ray Interpreta- 
tion, Fluoroscopy, Deep X-ray Therapy every 
week. 


UROLOGY—Two Weeks Course and One Month 


Course available every two weeks. 


CYSTOSCOPY—Ten Day Practical Course every two 


weeks. 


GENERAL, INTENSIVE AND SPECIAL COURSES IN ALL BRANCHES OF MEDICINE, SURGERY AND THE SPECIALTIES 
Teaching Faculty—Attending Staff of 
COOK COUNTY HOSPITAL 


Address: Registrar, 427 South Honore Street, Chicago, Illinois 
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Even to this...a concave 
rest for the thumb 


the concave 
thumb rest on the 
plunger of all B-D Syringes. B-D PRODUCTS 


An extra manufacturing op- Made for the Profession 


eration to be sure. Yet, when 
rubber gloves are used, that concave thumb rest adds to 


the sureness of touch and gives that extra sense of security 
which distinguishes precise manufacture from the average. 


Ten extra manufacturing details combine to add features 
of durability and convenience which reduce costs and 
facilitate handling for professional users of B-D Syringes. 


B-D Syringes 
YALE MEDICAL CENTER LUER-LOK 
OF SPECIAL OF EXTRA STRONG TIP 
RESISTANCE GLASS *‘PYREX’ LOCKS WITH B-D NEEDLES 


Becton, Dickinson & Co., RUTHERFORD, N. J. 
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Hemorrhoids rank comparatively 
high among the causes of lost 
hours.’’ Today, more than 
ever, this should be a matter of 


concern to physicians. 


Whenever non-surgical treatment 
is indicated, Anusol may be used 
with the knowledge that it will 
afford the kind of relief likely to 
keep the patient on his job. By 


their emollient properties Anusol 
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Suppositories reduce inflamma- 


tion, alleviate pain and check the 
bleeding. They contain no nar- 
cotic or anesthetic to give the 


patient a false sense of security. 


We suggest that you give Anusol 
a trial in one of your ambulant 
cases; we shall be glad to send 
you a supply for that purpose. 


SCHERING & GLATZ, INC. 
113 West 18th Street, New York City 


ANUSOL nHEemorrHoIDAL SUPPOSITORIES 


| | | ty 
= 
fi | | 
> 
f 


AMERICAN JOURNAL OF SURGERY * FEBRUARY 1943 


FRACTURE CONTROL 


with the 
New Universal Frac-Sure Equipment 


@ A modern and effective means of skeletal control of 
fractures. Flexibility permits insertion of pins at any angle 
or position within correct anatomical limits. Positive fixa- 
tion with constant contaction favors earlier union. Crutch 
ambulation and painless convalescence hastens general 
recovery. 

Size and type for every fracture service. Special models 
for Army, Navy and Field Hospital use; also for Civilian 
services. 

Booklet on fracture technic and equipment furnished on request. Note 
to Military and Civilian Defense Hospitals: Technicians available for 
servicing and demonstrating Universal Frac-Sure Equipment without 
cost or obligation. 

Sole Manufacturers and Distributors 


1008 Western Avenue THE IRQ CODING. 11 West 42nd Street 
Seattle, U.S. A. - Bryant 9-9251 


MAin 4443 
Cable Address “‘TICSEATTLE” A. New York City, U.S. A. 


Manufacturing and Research Specialists in Fracture Equipment 


VETALLIUM 


SURGICAL APPLIANCES i yy alloy being used in bone surgery 


V, TALLIUM nails, screws, 
plates, hip caps and special appli- 
ances have an authentic operative 
and clinical success that is without 
parallel in the internal fixation of 
fractures. 

Order through your dealer 


*Campbell, W. C. and Speed, J. S., Annals of Surgery, 
110-1. July, 1939. + Berry, H. C., Journal of Arkansas 
State Dental Association, 10-2. June, 1939. + Strock, A. 
E., American Journal of Orthodontics & Oral Surgery, 
25-5. May, 1939. + Doherty, W. B., American Journal of 
Ophthalmology, 22-4. April, 1939. + Smith-Petersen, M. 
N., The Journal of Bone & Joint Surgery, 21-2, April, 
1939. + Claflin, R. S., American Journal of Orthodontics 
& Oral Surgery, 25-1. January, 1939. + Hopkins, H. H. 
and Zuck, F. N., Medical Bulletin of Veterans’ Adminis- 
tration, 15-3. January, 1939. + Venable, C. S. and Stuck, 
W. G., Journal of American Medical Association, 11-15. 
October 8, 1938. 


AUSTENAL LABORATORIES, Ine. 


TRADEMARK REG. U. S. PAT. OFFICE NEW YORK 8 CHICAGO 
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sag First Choice for Economy 


PRE-WAR 


Quality 


— PILLING INSTRUMENTS —_ 


MILLER-ABBOTT DOUBLE LUMEN TUBE 


P9140 Miller-Abbott double lumen tube for small intestinal intubation............$7.50 
Descriptive 12-page pamphlet with technique and bibliography sent on request. 


TOCANTINS SET FOR 
INFUSION VIA THE BONE MARROW 


P17225 Tocantins re-designed Set for Blood Infusion and other fluids via the bone marrow, 
as designed by L. M. Tocantins, M.D., Jefferson Hospital, se ai, pen Each set, A, B, C 
and D, made in three lengths; short, medium and long. Send for descriptive circular and 
bibliography. 
CONTINUOUS SPINAL ANESTHESIA 

Used by Wm. T. Lemmon, M.D., Jefferson Hospital, Philadelphia, in a large variety of 
over 1100 operations. Can be used on any operating table. Interesting reprint describing 
the technique and equipment sent on request. 


CRUTCHFIELD SKULL TONGS 


W. Gayle Crutchfield, M.D., Dept. of Neurological Surgery, Medical College of Virginia, 
Richmond, Virginia, P16605 Crutchfield Tong Set for fracture dislocations of the cervical 
spine; complete set of tongs (rustless steel), geared drill and two drill points. ..... $30.00 


Reprint and technique on request. 


MADE BY 


arch PEL LING pa.,v.s.a. 


> : 
Matex Last Longer 
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Before the thread breaks 


HEN the thin thread of 
. life is taut and fraying, nu- 


merous physicians find a respira- 


tory stimulant of the first order in 
LOBELIN-BISCHOFF 


Acting primarily upon the respira 
tory center, LOBELIN-BISCHOFF 
lowers the CQOz2 threshold so that 
the center is able to transmit 1m 
pulsestothe respiratory apparatus. 

LOBELIN-BISCHOFF 1s indicated 


whenever a respiratory emergency 


7 arises. Its worth is supported by a 
ERNST CO., INC. 
wealth of laboratory and clinical 


IVORYTON - CONNECTICUT _ experience. Write for literature. 


Our total output of 5 gram Sterile 
eee] Shaker Packages of Crystalline Sul- 
SURFER. fanilamide, 30-80 mesh, developed 
fe pl ots by our research staff in cooperation 

se with military authorities for the treat- 

ment of wounds in combat zones, 

has penny been requisitioned for 
s 


military needs (totaling more than 
thirty million packages). 

Completion of our new Sulfa- 
nilamide Division plant ahead of 
schedule and the resulting increased 

fem production has now made it possible 

for us to supply these packages for 
civilian medical use. 

We will now accept orders for Sterile Shaker Packages of Crystalline Sulfanilamide. 


The package will be available only by or on the prescription of a physician. 


Complete information and pwices on request. 


HYNSON, WESTCOTT & DUNNING, INC. 
Baltimore, Maryland 
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BOUND MONOGRAPHS 
FROM THE 1940-41 ISSUES 


The American Journal of Surgery 


Surgery of the Gall-Bladder and Extrahepatic Bile Ducts—by Elliott C. Cutler 
and Robert Zollinger. 76 pages 


The Estimation of Pelvic Capacity—By Herbert Thoms. 46 pages 
Placenta Previa—By Julius Jarcho. 38 pages 


The Diagnosis and Treatment of Hyperthyroidism and Associated Conditions—By 
Arthur Goetsch. 64 pages 

The Surgery of Mediastinal Tumors—By George J. Heuer and William Andrus. 
80 pages 

Diagnosis and Treatment of Various Types of Diaphragmatic Hernia—By Stuart 
W. Harrington. 66 pages 


Surgical Aids to the Intracavitary Treatment and Study of Cancer of the Stomach— 
By Edward M. Livingston and George T. Pack. 98 pages 


Cancer of the Tonsil—By Hayes Martin and Everett L. Sugarbaker. 40 pages 
Urology in the Female—By Houston S. Everett. 136 pages 

Compression of Cancellous Bone—By Eugene J. Bozsan. 78 pages 

Cesarean Section—By Charles A. Gordon and Alexander H. Rosenthal. 60 pages 


Cancer of the Gums (Gingivae)—By Hayes Martin. 40 pages 


Just 250 Numbered, Paper Bound, Copies of Each Printed 


$]O0 per copy 


The American Journal of Surgery, inc. 


49 WEST 45TH STREET - NEW YORK, N. Y. 
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CHAMPION 


Moisture and Serum Proof 


SILK SUTURES 


Braided and impregnated with non-irritating materials, CHAMPION 
Silk Sutures offer surgeons the perfect suture medium. 

* SAFE: Free from absorption of germs, reducing the possibility of infec- 
tion. Maintain strength. Fine diameters with greater strength permit the 
use of smaller sizes, resulting in lessened trauma and fewer post-operative 
disruptions. 

* EASY TO USE: CHAMPION sutures offer better handling qualities: 
even strength, slight stiffness, non-adherent to gloves. Knots tie more easily 
and hold well. No adherence to skin or tissue, making withdrawal painless. 
Withstand repeated sterilization. Free operating lengths gladly furnished on 
request—kindly state sizes desired. 


GUDEBROD BROTHERS SILK CO., INC. 


12 SOUTH 12TH STREET, PHILADELPHIA 
Boston New York Chicago Los Angeles 
Makers of 


CHAMPION SERUM PROOF SUTURES * GUDEBROD'S NYLON SUTURES * PARE SERUM 
PROOF SILK * CHAMPION DERMAL * NON-ABSORBABLE SUTURES BY GUDEBROD 


THE O’SULLIVAN-O'CONNOR VAGINAL SPECULUM 


STAINLESS STEEL (SELF RETAINING LOKTITE) 


This speculum has been designed for vaginal surgery, but has many other uses not only for operative gynecology 
in the hospital, but also for the repair of obstetrical injury following delivery in the home. The illustration at 
the left shows the self retaining vaginal speculum in situ for cervical examination or operative work. 


The instrument being in collapsed position, the two small 
curved swivel blades at the sides of the instrument are in- 
serted in the vaginal orifice. The instrument is easily intro- 
duced and will function in any degree of spread and will 
hold firmly. The larger blades are adjusted in position by 
means of the thumb screws. When sufficient field has been 
exposed the LOKTITE automatically retains the speculum 
in position. It cannot slip, and the exposed field remains 
constant until the work in hand is completed. The little 
knobs on both sides of the instrument for adjusting the size 
of the opening are also useful in operative work for anchoring 


sutures temporarily. 
OTHER USES: 


Trachelorrhaphy Cervical Cauterization Conization 
Dilation and Curettage Cystocele Perineorrhaphy 


Price $15.00 Complete 
Sold Only Through Your Dealer 


Write for our latest complete 
Stainless Steel Instrument Catalog 
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@ Ortho-Gynol Vaginal Jelly has been found effective and acceptable, as prescribed by physicians 
for the control of conception. These findings are based on published material and reports 
from controlled research projects, covering an aggregate experience equivalent to thousands of 


woman-years, in which the jelly was used alone or with a mechanical device. 


of physicians who have employed Ortho-Gynol in their 
office practice and by the many clinics which are now 


dispensing Ortho-Gynol to their patients. 


COPYRIGHT 1943 ORTHO PRODUCTS, INC., LINDEN NEW JERSEY 
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TILTING AT A WINDMILL? 


> PRURITUS ANI may baffle the physician 
despite various methods of therapy. NUPER- 
CAINAL"Ciba,” has given relief in such cases 
so often that it is worthy of consideration. 
Gooc results with NUPERCAINAL* in anogenital 
| pruritus have been reported.’ Its use to relieve 
pain postoperatively in anorectal conditions 
is suggested.” NUPERCAINAL has been termed 
the “safest effective” agent for topical appli- 
cation in hemorrhoids.* 

> NUPERCAINAL is a non-narcotic ointment 
of sustained local anesthetic and analgesic 
effect which brings prompt relief from 
pain and itching in numerous afflictions 

of the skin and mucous membranes. Send 

for your trial supply and literature. 


1 Sulzbergerand Wolf: Dermatological Therapy 
in General Practice, 1940. 

* Best, R. R.: Annals Surg., 99:609, 1934. 

* Pruitt, M. C.: Hemorrhoids, 1938. 


NUPERCAINAL 


LOCAL ANESTHETIC OINTMENT 
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